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Preface

The following report identifies isolants from the soils of the
Chile-Atacama Desert, The report includes a "List of the Species
Designations" and a "Dichotomous Key" for all the isolants, Descrip-
tive Charts and Tables of Reactions for the viable bacterial isolants
are included and followed by photomicrographs of the nonviable cultures,
Because of the presence of organisms generally identified as "soil
diphtheroids", some of the aspects of their classification are pre-
sented,

Yeast and mold isclants were disregarded.

Species identification of the actinormycete isolants were presented
in the reports, Systematic Description and Key to 3Streptomyces Isolants
from Chile, Mexico and Arizona Desert Soils, August 1968, and Systematic
Description and Key to Streptomyces Isolants from Chile, Arizona and

Antarctic Desert Soils, February 1969, by Professor W.B. Bollen and

Sumie Nishikawa, The Nocardia species, which are included with the
classification of actinomyces, are presented here with the eubacteria

because of their inclusion in the "soil diphtheroids",

ii
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INTRODUCTION

The use of the term "soil diphtheroids® was first used by Bisset
and Moore (1949) to describe a group of unicellular microorganisms.
They emphasized the unicellularity or multicellularity of the bacterial
species and suggested the genus name of Jensenia to represent. the uni-
cellular organisms with occasional branching or formation of an early
unstable mycelium, They considered the genera Corynebacterium, Myco-
bacterium, and Nocardia to be multicellular., Their "confusing” defini-
tion of Jénsenia was not clarified with any references to earlier work-
ers nor any comparisons with isolants from other laboratores. More
recently various workers have established Bisset and Moore'!s Jensenia
as the same as a Nocardia sp.1

Our frequent references to the "soil diphtheroids" has been a des-
ignation of convenience due to the existing controversial and inade=-
quately delineated classification schemes for these pleomorphic soil
organisms, The designation "soil diphtheroids" has been used to des-~
cribe the aerobic, Gram-positive, nonsporeforming rods, that are irreg-
ularly shaped cells varying from long, club- or wedge-shaped rods, which
my exhibit branching (sometimes approaching small mycelia), to short

almost coccoid elements, The rods are often arranged in angular form-

1Clstrk (1952) found the type species, Jensenia canicruria (Bisset and
Moore, 1950), identical with a culture described by Topping (1934) as a
Nocardia (Proactinomyces). Adams and McClung (1960) using electron
micrographs and cell-wall preparations with the light microscope observ-
ed the morphological similarity of Jensenia canicruria to Nocardia
(Krasil'nikov) Waksman and Henriei. Gordon and Mihm (1957, 1959) and
Gordon (1966) assigned Nocardia rubra (Krasil'nikov) to Mycobacterium
rhodoghrous, Gordon and Mihm (1961) examined the physlological charact-
eristics of Jensenia canicrurja and found it synonymous with Mycobacter-
ium rhodochrous. dJones and Bradley (1964) found that on the basis of
susceptibility to actinophage Jensenia was synonymous with Nocardia.



ations and parallel bundles of cells, Previous workers have classified
these soil organisms in various genera such as Co;xnebacterium, Myco=

bacterium, Nocardia (Proactinomyces), Arthrobacter, Brevibacterium,

Cellulomonas, licrobacterium, and Mycococcus, To illustrate the ambi-

guity in classifying these "soil diphtheroids", strains belonging to the

Iycobacterium rhodochrous species have been placed in eleven different

genera by different investigators (Gordon, 1966),

Through the past 50 years these genera have been variously placed
in differgnt classification schemes, An example of the controversy in
classification is shown by the following: the closely related coryne-
bacteria and mycobacteria were originally included in the actinomycetes
by Jensen (1931); Stanier and vanNiel (1941) thought they should be ex-
cluded; then in 1943, Waksman and Henrici included Mycobacterium with

the actinomycetes and not the Corymebacterium., The latter situation is

their present position in Bergey's Manual of Determinative Bacteriology

(Breed, et. al., 1957). Recent analyses by Cummins (1962) of the cell~
wall compositions and antigenic cross-agglutination reactions of Coryne=-
bacterium, Mycobacterium, and Nocardia have shown the same characteris-
tic cell-wall compbsition in each genera., This collaborates many of

the earlier workers in their groupings of the genera together.

Various phylogenic schemes have been proposed showing the relation-
ships of the "soil diphtheroids" to the actinomycetes and eubacteria,
Because of the transitional relationships from the Streptomyces through
the Nocardia to the corynebacteria and mycobacteria and because of the
occurrence of these organisms in the Chile-Atacama Desert soils, some
of the characteristics and relationships of the Nocardia are discussed
here (the other types of soil diphtheroids will be discussed in a later

report).



Nocardia

The first recorded observation of actinomycetes was by Cohn (1875)
in which he described and illustrated fragmentation and branching. The
varying designations and opinions of the earlier workers on the classi-
fication of these organisms makes reviewing of the earlier literature
difficult. Previous classification schemes are reviewed by Waksman
(1959, 1961, 1967), The earlier workers emphasized structural charac-

teristics in classifying Nocardia; consequently, separation of various

species is based primarily on these morphological considerations., This
type of separation causes difficulty because little work has been done
on the structural differences commonly observed in otherwise similar
strains of Nocardia.

Nocardia are transitional microorganisms between the streptomycetes
on one hand and the mycobacteria and corynebacteria on the other, The
separation of the Nocardia from its neighboring genera is difficult
because the distinctive characters are shared by each genus, The char-
acterization of a species becomes more quantitative rather than quali-
tative in nature and those questionable or "borderline" strains become
an arbitrary placement.

Separation of Nocardia from Streptomycetes. The morphological
separation of Nocardia from Streptomyces is based upon the fragmenting

mycelium of Nocardia and nonfragmenting mycelium of Streptomyces.

Streptomyces produce spore-like structures on aerial hyphae whereas in
Nocardia the aerial hyphae do not differ from the vegetative mycelium.
In some cases these characters overlap: there are Streptomyces which
lose theirAability to form aerial hyphae and Nocardia which form various
degrees of an aerial hyphae. Nocardia reproduce by fragmentation of the

mycelium and not by conidia (Adams and McClung, 1962a).



Further separation among the two geﬂera can be exhibited in their
bilochemical properties. Most Streptomyces hydrolyze starch and casein,
liquefy gelatin and produce diffusible pigments whereas most Nocardia
do not (Jones and Bradley, 1964). Jones and Bradley (1964) observed
that in milk the oxidation-reduction potential of Streptomyces was low=-
ered (E, 0 to =-200millivolts) whereas the nocardial and mycobacterial
potential was high (E, 50 to 180mV) like the uninoculated medium (Ey
150mV)., They also tested the susceptibility of actinomycetes to anti-
biotics and found of those drugs tested only one, endomyein, signifi-
cantly differentiated these'organisms: nocardia were inhibited by 5-
25pg/ml, and mycobacteria and streptomycetes were resistant to 250pg/m1.

Another criterion for distinguishing between Streptomyces and No-
cardia is the chemical composition of their cell walls, Nocardial cell
walls contain arabinose, whereas those of Streptomyces do not contain a
characteristic sugar (Cummins and Harris, 1958; Romano and Sohler, 1956),
In Nocardia DL-diaminopimelic acid is found whereas in Streptomyces LL-
diaminopimelic acid is fourd (FHoare and Work, 1957). Tewfik and Bradley,

(1967) studying the deoxyribonucleic acids from 3treptomyces and locard-

ia,found the DNA of Streptomyces to contain between 69 and 73% G + C,

The DNA of the Nocardia formed two groups, 62-64% G + C and 68-69% G + C.

Separation of Nocardia from Mycobacteria and Corynebacteria, The:

separation of Nocardia from the wmycobacteria and corynebacteria is dif-
ficult because the distinguishing characters are shared by each genus
and there are more similarities than dissimilarities. The morphological
separation is based upon the formation of an initial mycelium in the

Nozardia and its absence in ilyccbacterium and Corynebacterium, Over-

lapping occurs and initial mycelium in Jocardia may be small and tran-

sient whereas some mycobacteria and corynebacteria produce 2 rudimenta-
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ry mycelium, Presence of small granules‘resembling beginmnings of aeri-
al hyphae have been observed in mycobacteria and corynebacteria (Jensen,
1934; Lacey, 1955). All three genera exhibit multiple fragmentation
(Bisset, 1949; Adams and McClung, 1962a), Also, "spore-like bodies"
that germinate in fresh media with one or more slender sprouts are
found in each genera,

The Mycobacterium are generally considered to be acid-fast, the
Nocardia partially acid-fast, and the Corynebacterium nonacid-fast,
There are reports of acid-fastness in the Corynebacterium (Jensen, 1934),
Acid-fastness is variable and often not demonstrable in Mycobacterium.
Acid-fastness of a culture is not a reliable character because it de-
pends upon the length of time since isolation as well as composition of
the medium, temperature of incubation and age of the culture (McClung
and Uesaka, 1960)., Metachromatic granules, commonly used to character-
ize Corynebacterium, have been demonstrated in Nocardia (McClung, 1950;
Adams and McClung, 1962b).

Separation of these genera on biochemical bases is also undistinc=-
tive. One group of nocardia are similar to corynebacteria, They are
nonacid-fast and have less refractive cells, They possess a generally
more fermentative metabolism, lack ability to utilize paraffin, and
frequently possess diastatic and proteolytic enzymes. The other group
of nocardia are similar to mycobacteria, They are acid-fast and have
refractile cells., They utilize paraffin and other carbon compounds,
have an oxidative metabolism, and lack diastatic and proteolytic en-
zymes. They also render milk partly transparent without digestion of
the casein’(Jensen, 1953). The pigments of the acid-fast, nonproteo~
lytic, oxidative nocardia are orange or red; whereas, the nonacid-fast,

proteclytic, fermentative nocardia are yellow, greenish, or non-pig-



mented (Krasil'nikov, 1938a).

As mentioned before, studies on the chemical composition of the
cell walls and serological reactions of Nocardia, Mycobacterium and
Corynebacterium support the similarity of these genera (Cummins, 1962;
Slack, Winger and Moore, 1961), Separation may be made on basis of
different infrared spectra of whole cells (Arai, Kuroda, and Koyama,
1963). The difference in spectra are a reflection of the differences
in 1lipid content of these organisms. The genus Mycobacterium may be
defined on the basis of its characteristic branched fatty acids, As-
selineau (1962) reports that characteristic lipids are "ound in myco-
bacteria with about 80 carbon skeletons (mycolic acids), in nocardia
with about 50 carbon skeletons (nocardic acids), and in corynebacteria
with about 32 carbon skeletons (corynomycolic acids)., Lanéelle, et. al.
(1965) found mycolic acids different from nocardic acids, Mycolic acids
can be extracted with chloroform whereas nocardic acids cannot. Pyrol-
ysis of mycolic acids liberates tetracosanoic acid or hexacosanoic acid,
whereas pyrolysis of nocardic acid liberates palmitic or stearic acids,
Lanéelle also indicates nocardia have few waxes (chloroform-soluble
lipids) and mycobacteria have many,

Wayne and Gross (1968) studied the deoxyribonucleic acid base
composition of mycobacteria and nocardia. They reported that the two
genera could not be separated on basis of DNA base composition,

The preceding gives an indication of the difficulties in separating
Nocardia from its neighboring genera and illustrates its transitional
nature., To further illustrate the variances among the nocardia various
workers havg divided the group into parts based on different properties:
acid-fastness vs, nonacid-fastness, stable mycelium vs, unstable myce-

lium, proteolytic vs, nonproteolytic, aerial mycelium vs, no aerial



mycelium, Unfortunately the properties ﬁsed to divide the nocardia
into groups do not coincide with each other; e.g., there are acid-fast
nocardia with stable mycelium and acid-fast nocardia with unstable
myceliunm,

General Definition of Nocardia, The general definition of Nocard-
ia distinguishes them morphologically by indicating their early forma-
tion of a transient nonseptate mycelium. Upon aging this mycelium
breaks into short, irregular cylindrical cells, Upon further aging the
short cylindrical cells become small coccoid elements (see nigrosin-
stain photomicrographs for isolant number 245#-2 of this report).
Swollen cells which form "germ-tubes" upon transfer to fresh medium are
produced. The external structure and appearance of Nocardia colonies
may be smooth or rough and much folded, The consistency of the colonies
may be soft and dough-like or compact and leathery. Also, aerial hyphae
that are usuwally indistinguishable from the substrate mycelium may be
formed.

The extent of initial mycelium formation varies within the nocard-
ia, Variation occurs from a strain forming an extensive mycelium, no
fragmentation, and contorted and overlapping branches to one forming
rudimentary mycelium, early fragmentation, and sparse branching., The
rudimentary mycelium may also be described as elongated irregular rods
with a rew short lateral branches. McClung (1949) suggested the term
"mycelium” be defined as a branched hyphae at least 10 microns long.
Branches are simple lateral protuberances from a hyphae,

Fragmentation is another phenomenon found in nocardia, The term
describes a process of cell division in surface or sub-surface myce-
lium, It occurs as a result of septation before cell division; the

result is the breaking up of mycelium into small rods or coccoid cells



(Adams and McClung, 1962a). McClung (1949) reports three types of frag-
mentation occurring in nocardia: "Type 1" is distinguished by the for-
mation before division of an acute angle in the hyphae at the appex of
the bend, After division, the ends of the two new cells grow out par-
allel to each other (they rarely cross). In "Type 2" fragmentation
division occurs in a straight or slightly curved portion of a hypha,
then the newly formed ends bend slightly away from each other and con-
tinue to grow, In "Type 3" fragmentation, the division of the parent
hypha occurs near or at the juncture of a branch, The end of the newly
formed cell bends slightly and continues to grow, At the place of divi-
sion of the parent hypha a new branch may grow,

Mycelium development in the "extensive=-mycelium" group is more
stable and resembles Streptomyces-like mycelium, The mycelium develop~-
ment in the "rudimentary-mycelium" group is unstable and resenbles
corynebacteria and mycobacteria, McClung (1949) found that the longer
the period of growth before fragmentation, the greater the amount of
mycelium present. Using permanency of the mycelium as the basis, he
established three groups in Nocardia:

"Group I" is characterized by very early fragmentation, sparse
branching, and limited mycelial development. Many coccoid elements oc-
cur in old material, The texture of the colonies is soft, pasty, and
sometimes mucoid., The pigments are intracellular and insoluble, "Type
1" fragmentation is characteristic of this group and similar to cell
division in corynebacteria,

"Group II" is characterized by a delayed fragmentation, extensive
mycelial development, and straight branches which do not overlap, Frag=
mentation is "Type 3". The colonial texture is soft and pasty., The

pigment is intracellular and insoluble.



"Group III" is characterized by the absence of fragmentation and
presence of profusely produced overlapping and contorted branches, The
colonies are either waxy (can be separated into flakes by a needle) or
cartilaginous (cannot be separated by the needle)., In general both
intracellular and soluble pigments are produced,

Fragmentation "Type 1" is characteristic of "Group I", "Type 3" is
characteristic of "Group II", and "Type 2" occurs in both groups,
"Group II1" has no fragmentation.

Adams and MeClung (1960, . 1961, 1962a) have studied the develop-
mental cyéle of Nocardia. They found that all cell fragments (bacil-
lary, ovoid, or coccoid) of the inoculum begin growth by formation of
germ tubes, Upon continued growth of the germ tubes filamentous cells
result, The next phase, branching, is a result of three processes:

1. Simple branch formation from the filamentous germ tubes, 2. Branch
formation as a result of multiple germination of the cells (more germ
tubes produced from original cell), and 3, S3ingle or multiple germ=-
ination of fragments of incompletely separated chains. After ithe
branching phase is completed, fragmentation occurs, With increased age
of the culture, more septa are deposited and the resulting filament
fragments become shorter until the completion of the cycle., Some of
the fragments may "round up" and form resistant cells called microcysts,

The presence of nuclei and life-cycles in nocardia is still un-
decided (McClung, 1962), In addition to metachromatic granules, lipid
inclusions have been observed in nocardia (MeClung, 1962). Motility is
present in nocardia and is thoroughly discussed by Jensen (1953).

Nocardia of Chile-Atacama Desert. The organisms classified as
Nocardia in this report are of the soft bactefial type. The cells are

not acid-fast nor very refractile, Their metabolism is fermentative,
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they do not utilize paraffin, but they h&drolyze starch and gelatin,
Although, the biochemical reactions are the same Tor all six, they dif-
fer in cultural appearances and mycelium formation,

Cultures 2452-1 and 245a-2 differ from each other in color; 245a-2
is a very bright yellow, whereas 2%5a-1 is a very light yellow, This
phenomenon is probably due to dissociation. These two cultures differ
from the other four Nocardia spp. in that they form a more extensive
myceliam, The mycelium is demonstrateld in the photomicrographs for
245a-2 and in the photomicrographs of colony morphology for 245a-1 and
2453-2. The colony margins of 274b-1, 274b~2, 275a<1, and 275b are
entire,

Isolants 274b-1 and 274b-2 are different only in the topography of
their colonies., 274b-2 is rough and wrinkled whereas 274b-! is smooth,
This also was probably a result of dissociation. Isolant 275a-1 ap=-
pears the same as 274b-2,

Isolant 275b is lighter in color than the other isolants except
245a=1, It is interesting to note that 275b and 245a-1 have a very
light yellow pigment but differ in the extent of mycelium development,
Isolants 2W45a-2, 274b-1, 274b-2, and 275a=1 all have the same bright
yellow pigment production. The topography of the colonies of 245a-2 and
274b-1 were both smooth; they differ only in extent of mycelium develop~-
ment,

Studies of the fragmentation and developmental cycles ol these
species have not been made, but developing cells (photomicrograph for
274b-2) and shortening of cells upon increasing age (photomicrographs

for 2755, 275a-1, and 245a-2) can be seen,
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¥yoooooous, Myoobacterius, Arthrobacter and Bacillus

A discussion of the placement of isolants 274a with the Mycococcus
(Krasil'nikov, 1938b), 248b, 248BAa-1 and 248Aa-2 with the Mycobacterium
(Jensen, 1934; Krasil'nikov, 1938ec, i9lb1) and 247Bb with the Arthro-
bacter will be included in a later report,

The Bacillus spp. are again classified using the dichotomous key

of Smith, Gordon and Clark (1952) and Bergev's Manual of Determinative
Bacteriology (Breed, 1957).
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ST OF ISOLANTS AND SPECIES DESIGNATIONS
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Code Species

Number _Designations Page
Van Delden's Nedium (#6):

2l458 ~1 Nocardia sp. 25
24532 Nocardia sp. 23
248b Mycobacterium sp. 35
275a =1 Nocardia sp. 27
27522 Bacillus firmus. 59
276a Actinomycete (#36. Streptomyces albus).

277a-1 Bacillus badius. 55
27722 Bacillus coagulans. 53
Van Delden's Medium from Boyd's ~ D Medium (#6-20d):

248a Bacillus pumilus, 51
274a Mycococeus capsulatus. 43
274b -1 Nocardia sp. 31
274b=2 Nocardia sp. 20
275a Bacillus firmus. 57
275b Nocardia sp. 33
Nitrate agar (§24):

*2U4 580 (Soil Diphtheroid). 61
24 5Bb Actinomycete (#23. Streptomyces griseoviridis).

245Bc Actinomycete (#24, No Growth).

24584 Mold.
*2l,5Be (Soil Diphtheroid). 61
2h6ha ~ Mold,

*Fail to grow upon original transfer,



246Bb
246Bd
246he
2H6AT
247Bb
247Bc
247A8
248Aa
*2U84b
- 248Ac
249Aa
249ADb

13

Actinomycete (#28. Streptomyces caelestis).
Actinomycete (#29. Streptomyces caelestis).
Actinomycete (#26. Streptomyces lavepdulae).

Actinomycete (#27. Streptomyces gollinus).
Arthreobacter sp. i1

Actinomycete (#31., Streptomyces tendae).

Actinomycete (#30. No Growth),

Actiromycete (#32. Streptomyces longisporuber).

(Soil Diphtheroid). 61
Mold,

Actinomycete (#33. Streptomyces antibioticus).
Actinomycete (#34. No Growth).

Stephenson's A Medium (#25):

2452
2u64Aa,
*2L6b

248Aa -1
2u48Aa-2

248Ab
260a

Actinomycete (#22, Streptomyces netropsis).
Actinomycete (#25. No Growth),

(Soil Diphtheroid), 62
Mycobacterium sp. 37
Mycobacterium sp. 39
Mold.,

Bacillus cereus b7

Stephenson's B Medium (#26):

246a
2592
*260a

260b

Bacillus cereus ks
Yeast, 62
(Soil Diphtheroid), 62
Bacillus sp. 49

¥Fail to grow upon original transfer,
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DICHOTOMDUS KEY

IEAST AND MOLDS:
245Bd (#24) Mold,
246ha (#24) Mold,
.248Ac (#24) Mold,
248Ab (#25) Mold,
259 a (#26) Yeast.

STREPTOMYCETES : *
276 a (# 6) (#26. Streptomyces albus).

245Bb (#24) (#23. Streptomyces griseoviridis).
245Bc (#24) (#24, No Growth).

246Bb (#24) (#28, Streptomyces caelestis).**
24684 (#24) (#29. Streptomyces caelestis).
246Ae (#24) (#26, Streptomyces lavendulae).
2L6AT (#24) (#27. Streptomyces collinus).

247Be (#24) (#31. Streptomyces tendae).

247Ad (#24) (#30. No Growth).

248Aa (#24) (#32. Streptomyces longisporuber).**
249Aa (#24) (#33. Streptomyces antibioticus).
249Ab (#24) (#34. No Growth).

245 a (#25) (#22, Streptomyces netropsis).
246 a (#25) (#25. No Growth).

*Tdentified in report by W.B. Bollen and Sumie Nishikawa, August 1968.
**¥Jdentified in report by W.B. Bollen and Sumie Nishikawa, February 1969.



BACTERIA : *
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Non=-viable,

24500 (4#24)
245Be (#24)

2L48Ab (#24)

246b  (#25)

260a  (#26)
Viable,

Gram-positive rods.

I. "SOIL DIPHTHEROIDS",

Do not produce endospores,

A, Branched nonseptate mycelium in early stages of growth,
Mycelium breaks into short cylindrical cells which later be=-
come coccoid,
Fragmentation present,
Slight to moderate production of catalase,
Slight acid production in litmus milk,
Do not utilize asparagine nor ammonium as sole nitrogen sources,
Growth better on trypticase soy agar and nutrient agar without
1% glucose added.
Fermentative (anaerogenic) metabolism,
NOCARDIA .,
1. Margin fimbriate,
Branching mycelium present,
Aerobic,
Nutrient gelatin not liquefied,
a. Honey Gold (2ic) to Gold (13pc) pigmentation.
Nonmotile,
2h5a-2 (#6)
b. Bamboo (2ge) to Mustard (2le) pigmentation,
Motile,
h5a-1 (#6)
2. Margin entire,

Fragmentation present,

*The genera Nocardia, Mycobacterium, and Mycococcus (classified in

Bergey's Manual with Actinomycetales) are included.
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Aerobic to slightly facultative.
Nutrient gelatin slowly liquefied.

a. Motile,
Honey Gold (2ic) to Gold (13ipc) pigmentation,

(1). Topography rough,
(2). Growth on urea hydrolysis agar.

275a=1 (#6) 4
(b)., No growth on urea hydrolysis agar.

274p-2 (#6-204)
(2). Topography smooth,
No growth on urea hydrolysis agar,

2¢4b-1 (#6-20d)

b. Nonmotile,
Bamboo (2gec) to Lt, Yellow (13ea) pigmentation.

275b (#6-20d)

B. Mycelium or branching not present,
Size and shape of the rods vary.
Cells are nonmotile,
Involution forms occur,
Utilize asparagine and ammonium as sole nitrogen sources,
Growth is better on trypticase soy agar and nutrient agar
with 1% glucose added.

1. Angular arrangements and parallel bundles of cells are
cormmon,

The rods may be slightly bent, may occur in wedge shapes
and may exhibit clubs.

The width of cells is 0.4 to 0.6p and the average length
diminishes with age (young cells 1.5-2,0p, old cells
0.8-1.0p).

Strong catalase production,

Reaction in litmus milk is alkaline,

Urea is hydrolyzed.

2% NaCl tolerated.

Growth at 400C, but not 45°C,

a, Red to orange-red non-water-soluble pigment pro-

duced,

No arthrospores present,

Gelatin not hydrolyzed nor liquefied,

Casein not hydrolyzed.

Citrate not utilized,

10% NaCl tolerated,

~Tellurite reduced.

Nitrate not utilized as sole nitrogen source,



MYCOBACTERIUM.,

248b (#6)
24Bha -1 (#25)

2L48ha-2 (#25)

ARTHROBACTER.
247Bb (#24)

2-

MYCOCOCCUS.
27ha (#6-204)

17

Nonoxidative-nonferméntative metabolism,

(1). Diameter of colonies 2-4mm., shape irregular,
elevation convex, and texture very moist and
mucoid,

(2). Diameter of colonies 0,5mm., shape puntiform,
elevation pulvinate, and texture more compact
and drier than above,

b. No pigment produced, culture white.
Arthrospores present,
Gelatin hydrolyzed and liquefied.
Casein hydrolyzed. ,
Citrate utilized as sole carbon source,
7% NaCl not tolerated.
Tellurite not reduced,
Nitrate utilized as sole nitrogen source.
Growth at 350C., but not 40°C,
Oxidative metabolism,

Cells not arranged angularly nor in parallel bundles,
Cells ovate, coccoid, and rod (length not exceeding twice
the width) shaped. Many cells in shape resemble pears

and bowling pins.

Greatly enlarged cells and minute cells are present in
the same culture.

The width of the cells varies from 0.74-1.25p (may be as
large as 2.2p in involution forms) and averages 0.8p.
The average length is 1,2p.

Slight catalase production,

No reaction in litmus milk,

Urea not hydrolyzed (no growth on medium).

2% NaCl not tolerated.

No reaction in oxidation-fermentation medium,
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II. Produce endospores.
Survive pasteurization (85°C., 10 minutes).

Genus BACILLUS.
R?maining key is taken from Breed (1957) and Smith, Gordon, and Clark
1952).

I. Sporangia not definitely swollen,
Spores ellipsoidal to cylindrical, central to terminal,
Spore walls thin and not easily stained,
A, Diameter of vegetative rods is 0.9 micron or more,
1. Acid from mannitol with ammonium salts as source of
nitrogen,
Acetylmethylcarbinol not produced,
1, Bacillus megaterium,
2, No acid from mannitol with ammonium salts as source of
nitrogen.
Acetylmethylecarbinol produced.
2, Bacillus cereus,
(a, Urea hydrolyzed,

2lba (#26)
b. Urea not hydrolyzed,

260a (#25)
3, No acid from mannitol with ammonium salts as source of
nitrogen,
Acetylmethylcarbinol not produced.,)*
Bacillus sp.
260b (#26)

B. Diameter of vegetative rods is less than 0.9 micron,

1. Growth on glucose agar as good or better than on agar,
Good growth on soybean agar,

a, Growth on 7 percent NaCl agar,

b. Starch hydrolyzed.
Nitrites produced from nitrates.

*Not a part of the dichotomous keys of Breed (1957) or Smith, Gordon
and Clark (1952).
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5. Baeillus 1icheniformis.
6. Bacillus subtilis,

bb, Starch not hydrolyzed.
Nitrites not produced from nitrates,

7. Bacillus pumilus,
248a (#6-20d)
aa, No growth on 7 percent NaCl agar.

b, (Glucose utilized,
Weak, if any, hydrolysis of gelatin,

8. Bacillus coagulans.

277a-2 (#6)
bb., Glucose not utilized.
Strong hydrolysis of gelatin,
9. Bacillus badius.
277a-1 (#6)

2, Growth on glucose agar definitely not so good as on agar.
Scant, if any, growth on soybean agar.

a. Casein hydrolyzed. Urease not produced,
10. Bacillus firmus.
2752 (#6-20d)
275a=2 (#6)
aa, Casein not hydrolyzed, Urease produced,

11. Bacillus lentus.
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NG = no growth.

TABLE 1: PHYSIOLOGICAL REACTIONS
]
o
=
wd
o 0
0 Q
] o o
HYDROLYSES: bt © 9 { REDUCTIONS:
=3 D 4
Lo o o
o o Pz o
w o Q T ]
CODE 5 o o 3 R 23 it D
NUMBERS : 5 o A o L o g El
— ] 9] [0} 4 i Lo ] Q 4+ -
o) D o u o Q <! 31 el )
&) %) &) = =2 ] = < = =
Soil diphtheroids:
2Ll' 53.—2 + + - - —_ - - — + -
245a-1 + + - - - - - - + -
275a-1 + + - - - - - - + -
274b-2 + + - ~NG - - - - + -
274b-1 + + - -NG - - - - + -
275b + 4 - - - - - - + -
2478b + + + + - - - - + -
248b - S - + - - - - + +
248Aa-1 - s - + - - - - + +
248Aa--2 - s - + - - - - + +
274a - S - " -NG - - - - & -
Bacillus spp.:
2464 + + + + - - + -
260a + + + + - + +
260D + + - - - - - +
248a + - + - - + -
277a=-2 - + - - - - - +
277a-~1 + - - ~NG - - - +
275a + + - =NG - - - +
275a-=2 s + - ~-NG - - +*
s = slight,
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TABLE 2: PHYSIOLOGICAL REACTIONS

I
i *
@ L] %
E? g)h fm o
umus |, | N EERE
UTILIZATIONS MILK par 9 2 < 9 B
v « o 5] b=
o FERY = e o 4S]
o - @ i 0 s o
eed z o o FEa ] ¥
o S = * ElY -t [0
e o o SR X Z B ol
g o N O ¢ wl = g =} o4 Q
or (R223d |F% 3 sl 8 |83 | 5|3
C Moo o ud o U P a4 m m < o * V] ~
cleess s |88 Bl 8 | s |alse | B2
NUMBERS: %‘E i @ v O @ o] =] 0 ] — X d
< 4 =z O M/ [V <" " ] < wm fy o (@} )
Soil diphtheroids:
245a-2 - = = e - - s.,ac. - - M A NA A +
245a-~1 - e - = = - 8 8.ac. =~ - M A NA A +
275a-1 - - - - - - 8 s,ac., -~ - M A NA AR 4+
274b~2 e - - 8§ 8.8C. = - M A NA AF +
Z74b=1. - e = e - - § s.,ac, - - M A NA AF  +
275b - e = = - - 8 s.ac, = - M A NA MA +
247Bb + 4+ 4+ o+ - ¢ + alk - - A A GNA A +
248b + 4 - -+ - s alk - - A A GNA A +
2L48Aa-1 L S - s alk - - A A GNA A +
248Aa-2 + o+ - 4+ - - alk - - A A GNA A +
27448 s 88 8 s - - - - - A A GNA M +
Bacillus spp.:
246a + 8 + + + alk - - A GNA A +
260a + 4+ + + alk - - A GNA A +
260b + - o+ - - - - - A NA A +
248a s + + + s alk - - A NA A +
277a=2 - - - - - - - - M NA M *
277a-1 - - - - - = - + - NA A+
275a - - - - - - - - - NA F +
275a-2 - - - - - = - - - NA AF  +

*TLitmus Milk: ac = acid; alk = alkaline; c= clearing, but not peptonization.
**Soybean infusion agar & Spirit blue fat agar: A = abundant; M = moderate;
s = slight. :
***0Oxygen Relationship: A = aerobic; AN = anaerobic; F = facultative;
M = microaerophilic.



TABLE 3: TEMPFRATURE AND SALT TOLERANCES

TOL%Q?ECES: TEMPERATURES :
CODE a2 S & s S g & S &
NUMBERS : ¥ B 2 n 2 4 2 F =7 18 1A
Soil diphtheroids:
245a-2 + + - - + + +* "
2453-1 + + - - + + + +
275a-1 + - - - + + + +
274b-2 + - - - + + + +
274b-1 + - - - + + + +
275b + - - - + + + +
247Bb + - - + + + + -
248b + + + - + + + +
248Aa-1 + + + - + 4+ + +
248A8-1 + . + + - + + + +
274a - - - - - s + +
Bacillus spp.:
2464 + + - - + + + +
260a + + - - + + + +
260b - - - - + + + +
248a + + + - + + + +
277a-2 + + - - + + + +
277a-1 + - - - + + + L+
275a + + - - + + + +

275a-2 + + - - + + + +
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DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

2l5a-2 (#6) Trypticase Soy Agar  Chile Atacama Desert.
(code number) (medium) (source)
Nocardia sp. 28°c, W.B. Bollen & K,M., Kemper
(name of organism) (temperature ) (studied by)
1. STAINING & MORPHOLOGICAL o D T
CHARACTERISTICS

MORPHOLOGY:
Form: zads, ends.round & pojnted
filaments, cocci, spirals,
branching Tycelium
Size: average —
range —
Irregular forms:

GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:
Ne‘%\a,.tive '
PASTEURIZATION SURVIVAL (85°C, 10 minute
Sporangia: none, rods, spindles, elliptical, clavate,

10007

Endospores: swollen, not swollen,. ’ge’ggfi
Position: central to excentric, terminal, subterminal. ol h
Shape: spherical, ellipsoidal, cylindrical, oval. r.
size: average —
NIGROSIN STAINS:

EREGS= 48 hr

MOTILITY: age2t hr, Negative,
Flagella:

COIONY MORPHOLOGY TSA:
24 hr,



k58 =2

(#6) II. CULTURAL CHARACTERISTICS

AGAR STROKE: age 10 da, |
Amount of growth: abundant, moderate, scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading.

Consistency: brittle, butyrous, membranous, moist,
slimy, sgft, tough, viscid, waxy.
AGAR COLONIES: age 10 da,
Macroscopic
Size: 2 mm.

Shape: filamentous, jiregulgr, oval, puntiform, round.
Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, mgoé%onate.
Topography: gontoured, rough,smooth, striated, wrinkled.
Habit: compact, spreading. ‘
Microscopic (100x)

Margin: Ciliate, cleft, crengte, entire, erose, granular,
lobed, rhizord, undulsse BABDTARL .
Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), interlaced, striated. &Eﬂm.
Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
IB&, fridescent, opalescent.

Appearance by transmitted light: opague, translucent,

transparent.
Medium: blackened, blued, browned, grayed, greened,
yellowed, MM
Chromogenesis:
(medium) (color) (CHM No.)
Trypticase soy agar Brite Yellow 1%‘1&

Color varies with age:

-l da,s 2ic Honey Gold.
-30da.: tipc Gold,
NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 86 da,

Liquefaction: crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

Line of puncture: villous,
OTHER GROWTH CHARACTERISTICS:

Soybean infusion agar:Slight Growth,
Fat agar: Growth, ‘
Glucose-nitrate agar: No Growth, 20 da.

Growth scant on nutrient agar; no growth on Reduction: positive, ngggtive,

— glucose-nutrient agar,

Anaerobic nitrate broth: no gas. 12 da.
DNA

G:C

G+C moles %

L
III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: gerobic, anaerobic, facultative, micro-
aerophilic.

n

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 da. .
Growth at 10°C._*+, 20°C. _+, g8°C_+ dor_+
45°C_+, 55°C__= 5°C._+, 509C, = .

SOLE CARBON SOURCE: age
Glucose: positive, negative.

Sucrose: positive, negative.
Xylose: positive, negative.

Citrate: pogifive, negative. .6_da..
. . "
NI—LneAfﬁigLE NITROGEN SOURCE: positive, 1 5 da.
REDUCTIONS:

Nitrate: NO,—_+_, NH,* , 80S. , negative. 5 da,

Methylene blue: positive, negative. —

Selenite: pogitive, negative. Slight . 16 da,

Tellurite: positive, ggative. 11 da,

OXIDATIVE-FERMENTATIVE REACTIONS

Gludose: acid®&Calkdline__, neutral, gas. -

Sucrose: acid___, alkaline__, neutral, gas. —

Lactose: acid__, alkaline..__, neutral, gas. S

Xylose: acid__, alkaline___, neutral, gas. -

Mannitol: acid.__, alkaline, neutral, gas. —

_ Fermentative, Anaerogenic,

HYDROLYSIS:

Gelatin: pggjtive, negative. b da,

Casein: positive, negative, 24 da,

Fat: positive, nggative. 14 da,

Starch: pogitive, negative. 13_51.

Cellulose: positive, ngggtive. 111 da,

Urea: positive, iggative, 1’:1'_&&.

TOLERANCES:

Salt: 2%—nasitivenegative. 2da,
T%—nositive, negative. 7 da,
10%—positive, negative. 14 da,

pH: acid alkaline.

LITMUS MILK REACTIONS:

Reaction: ggid, alkaline, neutral. 81ight . 76 da,

Curd: acid, alkaline, alisent, gas. 26__d8...

Peptfonization: positive; neggtive. 76 da,

OTHER REACTIONS:

H:S from : positive,

negative.

NH,* from peptone: positive, negative,

Acetylmethylcarbinol: positive, ngggtive.

Indol: positive, negative.
Methyl red: positive, negative.

| BB
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DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

2453 -1 (#6) Trypticase Soy Agar Chile Atacama Desert.

(code number) (medium ) (source)

- Nocardia sp,* 28°¢
(studied by)

(name of organism) (temperature )'

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS »

MORPHOLOGY:
Form: rods, enafound & pointed.

filaments, cocci, spirals,

branching M'__

Size: average —
range —

Irregular forms:
cm:;a hilsl::AC'I'ION= Positive, NIGROSIN STAIN:
: 24 hr
24 hrs: |
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes) Negative,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range —

MOTILITY: age24 hr, Positive.
Flagella: COLONY MORPHOLOGY TSA 24 HR:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:
¥In slide preparations of
various aged cells for
microscopic examination,
no branching, unseptate
mycelia is observed in a
young culture; although,
colony observations (100X
and 400X) made on young
cultures show branching
mycelia characteristic
‘'of Nocardja species,
When the surface growth

of the bacterial colony
is removed, microscopic examination shows substrate mycelia remaining in the agar.

.

100X

hoex
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(#6) II. CULTURAL CHARACTERISTICS

AGAR STROKE: age 10 da,
Amount of growth: abundant, giodergte, scant.

Form: aborescent, beaded, echinulate, effuse, ﬂitomi‘ thiz-
oid, spreading.

Consistency: adherent, brittle, butyrous, membranous, mgist,
slimy, soft, tough, viscid, waxy.

AGAR_COLONIES: age 10 da,
Macroscopic

Size: . & ____ mm.

Shape: filamentous, irregular, oval, puntiform, zound.

Elevation: beveled.canter, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, gngoth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, cre ntire, .erose, granular,
lobed, rhizoid, undulate. %’.m%r.{ate.

Internal structure: amorphous, filamentous, granu-
lar (fine, coarse), interlaced, striated.

Optical properties -

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. =

Appearance by transmitted light: gpgque, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, ynchanged.

Chromogenesis:

(medium) (color) (CHM No.)
Trypticase soy agarlit Yellow 1
sonmpouiexk Color varies with age:

- 4§ da,: 2gc Bamboo,
-30 da.: Z2le Mustard,

NUTRIENT BROTH: age
Amount of growth: abundant, moderate, scant.
Surface growth: none, ﬂoccqlent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.
Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 86 da.,

Liquefaction: crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

Line of puncture: villous,
OTHER GROWTH CHARACTERISTICS:

Soybean infusion agarSlight growth,

Fat agar: GQrowth,

Glucose-nitrate agar:No growth, 20 da.

Slight growth on nutrient agar; no growth

—on glucose nutrient agar.
Anaerobic nitrate broth: no gas. 12 da.
DNA

G:C
G+C

moles %

ITI. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O.: gerobic, anaerobic, facultative, micro-
aerophilic.
CATALASE: pevifive, negative. pRaitive.
TEMPERATURE RELATIONSHIPS: age 17 d2, |
Growth at 10°C._*, 20°C, _+, so°Cc. ¢, 4p°_+,
45°C +’ 55°C.__= c. - 50 c. -

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, negative.81ight
NH,* AS SOLE NITROGEN SOURCE: positive,

fiegative,

REDUCTIONS:
Nitrate: NO.—_4 , NH/* , 8as.
Methylene blue: positive, negative.
Selenite: positive, 1gggtive,
Tellurite: positive, negatine.

» negatzve.

b BRI

B

#

|

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid ©%&Clkaline__, neutral, gas.
Sucrose: acid.._—, alkaline___, neutral, gas.
Lactose: acid_ ., alkaline__, neutral, gas.
Xylose: acid__, alkaline___, neutral, gas.

Mannitol: .qcid, alkaling, neutral, gas,
_Fermenqtfaff . erogénic,

HYDROLYSIS:
Gelatin: pogitipe, negative.
Casein: positive, negative.
Fat: positive, pegglie.
Starch: positive, negative.
Cellulose: positive, neggtive,
Urea: positive, neggtive,
TOLERANCES:
Salt: 2%—positive, negative.
T%—positive, negative.

10%—positive, neggtive,
pH: acid. alkaline

b ERERE (111

33
BE

LITMUS MILK REACTIONS:
Reaction: gcid, alkaline, neutral. 8light,
Curd: acid, alkaline, gbseqt, gas.
Peptfonization: positive, gegative,
Reduction: positive, nggative,

OTHER REACTIONS:

H.S from
negative.

NH.* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative.
Indol: positive, negative.

Methyl red: positive, negative.

est |

: positive,

Be
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OREGON STATE UNIVERSITY

DEPARTMENT OF MICROBIOLOGY
(JPL~NASA)

Descriptive Chart

27521 (#) _ Trypticase Soy Agar Chile Atacama Desert

(code number) (medium) (source)

Nocardia sp.* 28°¢.

(name of organism) " (temperature) (studied by)

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:
Form: rods, endstound & pointed,
filaments, cocci, spirals,
branching . 24 hr,
Size: average —
range —
Irregular forms:

GRAM REACTIONPositive,
18 hrs: NIGROSIN STAINS:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):N@gative.
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range —

MOTILITY: age 24 hr. Positive.
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

*Substrate mycelia present.
Wet mount (1000X) shows un-
septate highly branched
cells, Young colonies are
smooth becoming folded with

age.

48 hr, 6 da.
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(#6) II. CULTURAL CHARACTERISTICS

AGAR STROKE: age13da,

Amount of growth: gbundant, moderate, scant.
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-

oid, spreading.

Consistency: t, brittle, butyrous, membranous, moist,
slimy, soft, viscid, qpazu,
AGAR COLONIES: age 2¥ da
Macroscopic
Size: 1 mm.

Shape: filamentous, izregular, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, @'Lill_q_t_e, pulvin-
ate, raised, rugose, umbonate.,

Topography: contoured, rgygh, smooth, striated, wrinkled.
Habit:_compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, eutite, erose, granular,
bed, rhizoid, undulate.

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), interlaced, striated.

Optical-I)roperties
Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent.

Appearance by transmitted light: opgque, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:
(medium) (color) (CHM No.)
Trypticase soy agar Brite Yellow 1%13

xxxsxxxx Color varies with age:

- U4 da,: 2ic Honey Gold,
~-30 da.: 1ipe Gold.
NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 49 da,

Liquefaction: none, ¢rgtgriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:Slight growth,
Fat agardrowth,

Glucose-nitrate agar: Slight growth, 12 da,

Slight growth on nutrient agar; no growth

-on glucose-nutrient agar,
Anaeroble nitrate broth:

no gas,

DNA
G:C
G+C

moles %

12 da,

III. PHYSIOLOGICAL CHARACTERISTICS

RELATION%IJIP TO Os: gerobic, anaerobic, tacultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 d2,
Growth at 10°C._+, 20°C. *+ wcbi:., w_+
45°ct__ s55°C_=.5°C,_=_, 50°C.__=.

age

SOLE CARBON SOURCE:
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: _positive, negative.
NH,* AS SOLE NITROGEN SOURCE: positive,

nggative.

REDUCTIONS:

Nitrate: NO,—_+_, NH,* , £as.
Methylene blue: positive, negative.
Selenite: positive, negative. SLiZht
Tellurite: positive, peggtive.

, negative.

®

W]

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid 0&@lkaline__, neutral, gas.
Sucrose: acid__, alkaline-__, neutral, gas.
Lactose: acid.., alkaline.__, neutral, gas.
Xylose: acid_, alkaline__, neutral, gas.
Mannitol: acid......, alkaline, neutral, gas.

— Fermentative: Anaerogenic,

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, gggakive,
Fat: positive, peggtive,
Starch: positive, negative,
Cellulose: positive, neggtive.
Urea: positive uegaling.

TOLERANCES:

Salt: 2%—positive, negative.
T%_positive, negative.
10%—positive, negative.

pH: acid alkaline

cer 111

:

#

s

Fo
33

LITMUS MILK REACTIONS:
Reaction: gcid, alkaline, neutral. Sligh't .
Curd: acid, alkaline, gbsept, gas.
Peptionization: positive, negative..
Reduction: pogitine, negative.

OTHER REACTIONS:

H,S from
negative.

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, gegative,
Indol: positive, negative.

Methyl red: positive, negative.

EEE

: positive,

.

1l
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DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

274b=2 (#6-20d) Trypticase Soy Agar

( code number) (medium) (source)
_ Nocardia sp, 28%. W.B, Bollen & K.M. Kemper
(name of organism) (temperature ) . (studied by)
I. STAINING & MORPHOLOGICAL )
CHARACTERISTICS
MORPHOLOGY:

Form: rods, endsTound & pojnted,

filaments, cocci, spirals,
branching
Size: average —
range —
Irregular forms:

NIGROSIN STAIN:
GRAM REACTION:Positive,

18 hrs: 24 hr,
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Negative.
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —

range — SEE PHOTOMICROGRAPHS FOR
MOTILITY: age 24 hr. . Positive. 275a=1,
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:



2740-2
IL. CULTURAL CHARACTERISTICS
(#6-20d)

AGAR STROKE: age 16 da,
Amount of growth: ghundant, moderate, scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading. —

Consistency: adherent, brittle, butyrous, membranous, moist,
K ,4 » M
slimy, goft, tough, viscid, u’)dffE —

AGAR COLONIES:
Macroscopic
Size: 3 mm.
Shape: filamentous, irregul: - oval, puntiform, round,

Elevation: hggﬁk‘l, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular
lobed, rhiza{d, undulate. ’ ’

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), interlaced, striated.

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. ’

Appearance by transmitted light: gpggue, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

age 20 da,

Chromogenesis:
(medium) (color) (CHM No.)
Trypticase soy agar Brite Yellow 14la

xwoxxsx# Color varies with age:

- 4 da,: 2ic Honey Geld.
-3 da,: lipe Gold,
NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

CELATIN STAB: age 86 da.,

Liquefaction: none, grgleriform. infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, glow,

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Moderate growth.
Fat agar; Grewth,

Glucose-nitrate agar: NO growth: 12 da.

Better growth on nutrient agar; no growth

- on glucose-nutrient agar,

Anaerobic nitrate broth: no gas:
DNA

G:C

G+C moles %

12 da,

ITT. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: gerobic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positige, negative.

TEMPERATURE RELATIONSHIPS: age 17 da,
Growth at 10°C._+_, 20°C. _+  38°C °+, gor_t_,
45°C.+ , 55°C._= 5000 - s 50 co__'__c

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, nggative,

NH.* AS SOLE NITROGEN SOURCE: positive,
negative.,

REDUCTIONS:
Nitrate: NO,—+ , NH+___, gas
Methylene blue: positive, negative.
Selenite: positive, negative. slight .
Tellurite: positive, nggative,

ForEl

negative.

3

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acidodetalkaline
Sucrose: acid___, alkaline___, neutral, gas.
Lactose: acid___, alkaline___, neutral, gas.
Xylose: acid._, alkaline___, neutral, gas.
Mannitol: acid__, alkaline, neutral, gas.
Fermentative: Anaerogenic.

HYDROLYSIS:

Gelatin: positive, negative.
Casein: positive, negative.
Fat: positive, negative.

Starch: positive, negative.
Cellulose: positive, i 1
Urea: positive, pgggtive. Em gmwth)
TOLERANCES:
Salt: 2%—positive, negative.
T%—positive, negative.

10%—positive,_geggtive.
pH: acid. alkaline.

, neutral, gas.

i

- L ]

P FBEREE
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LITMUS MILK REACTIONS:
Reaction: acid, alkaline, neutral, slight.
Curd: acid, alkaline, ghsent, gas.
Peptfonization: positive, gggative.
Reduction: positive, negative.

L]

EFee |

OTHER REACTIONS:

H.S from
negative.

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative.
Indol: positive, negative.

Methyl red: positive, negative.

1 positive,

BE
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274o-1  (46-20d)  Trypticase Soy Agar Chile Atacama Desert
(code number) (medium) (source)
Nocardia sp. 28°c, W.B, Bollen & K.M, Kemper
(name of organism) (temperature) (studied by)
1. STAINING & MORPHOLOGICAL | T Ty
CHARACTERISTICS

MORPHOLOGY:
Form: tads, ends_round & pointed
fillaments, cocci, spirals,
branching
Size: average —
range — NIGROSIN STAIN:

Trregular forms:

GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes) Negative,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
§ize: average —
range —

MOTILITY: age 24 hr. Positive,
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:



(#6-20d)

II. CULTURAL CHARACTERISTICS

AGAR STROKE: age 7 da.
Amount of growth: abundant, moderate, scant.

Form:_ aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading.
Consistency: adherent, brittle, butyrous, membranous, moist,

slimy, s soft, tough, viscid, waxy.
AGAR COLONIES: 16 da
Macroscopic
Size: 3 mm.
Shape: filamentous, irregular, oval, puntiform, roynd.

Elevation: beveled, convex, eﬁuse, flat, papillate, pulvin-

ate, raised, mgosé"iﬂﬂbo
Topogtaphy: confoured, rough, Wh, striated, wrinkled.
Habit: ¢ompact, spreading.
Microscopic (100x)
Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate.
Internal structure:
lar (fine, coarse
Optical properties
Appearance by reflected light: dull, fluorescent, glistan-
ing, iridescent, opalescent.
Appearance by transmitted light: opggye, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, tmchanged

dense, filamentous, granu-
, interlaced, striated.

Chromogenesis:

{medium) ( color) (CHM No.)
Trypticase soy agar Mustard Geld 2 pe
zexekkx Color varies with age:

-4 da,: 2ic Honoy Gold
NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, floccylent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 86 da, .

Liquefaction: none, cigleriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slo_u&_

_OTHER GROWTH CHARACTERISTICS:
Soybean infusion agarAbundant growth,
Fat agar: Growth.
Glucose-nitrate agar:31ight growth, 12 da.
Better growth on nutrient agar than
- glucose-nutrient agar. (No growth
glucose-nutrient agar).

Anaerobic nitrate broth: no gas.
DNA

G:C

G+C moles %

12 da.

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O;: aggbic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 d&.
Growth at 10°C._+_, 20°C. _+ , gss°Cc._+ W +
50(1 + B55°C - 5°c —-' m d

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, negative.
NH.* AS SOLE NITROGEN SOURCE: positive,
negative.

REDUCTIONS:
Nitrate: NO;~—+, NH¢___, gas.
Methylene blue: positive, negative.
Selenite: positive, negative. slight.
Tellurite: positive, negative.

, negative.

v bl

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid 9&SQikaline___, neutral, gas.
Sucrose: acid_., alkaline___, neutral, gas.
Lactose: acid_—, alkaline...., neutral, gas.
Xylose: acid__, alkaline___, neutral, gas.
Mannitol: acid._, alkaline, neutral, gas.

Fermentative: anaerogenic,

HYDROLYSIS:
Gelatin: nggsitive, negative.
Casein: positive, pgggtive
Fat: positive, gggative.
Starch: pesitive, negative.
Cellulose: positive, negative.
Urea: positive, negggtive (no growt.h)

TOLERANCES:
Salt: 2%—positive, negative.
T%—positive, yggative,
10%—positive, nggative.
pH: acid alkdline___. .
LITMUS MILK REACTIONS:
Reaction: ggid, alkaline, neutral. 811ght .
Curd: acid, alkaline, absent, gas.

Peptfonization: positive, nggative.
Reduction: gogitive, negative. $Light

P Eeebre [1111

g

W5 |

OTHER REACTIONS:

H:S from
negative.

NH.* from peptone: positive, negative.
Acetylmethylcarbinol: positive, gggative.
Indol: positive, negative.

Methyl red: positive, negative.

: positive,

BEl
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275b (#6-20d) Trypticase Soy Agar thle_Ataca.m_nesazt____._

(code number) (medium) (source)
Nocardia sp. 280C,
(name of organism) (temperature ) (studied by)
I. STAINING & MORPHOLOGICAL L )
CHARACTERISTICS -

MORPHOLOGY:
Form: rods, endsround and pointed.
filaments, cocci, spirals,
branching
Size: average —
range —
Irregular forms:

GRAM REACTION: Positive, NIGROSIN STAIN:

18 hrs:
24 hrs: 2k br.

48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Negative,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal,
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average — ‘

range — NIGRQS[N STAIN:
MOTILITY: age . Negative, 8 da,
Flagella:

OTHER STAINS:
Acid fast:
Capsule: . 1060%
Glycogen: 2 H
Crystalline dextrins:

Fat globules:
Metachromatic granules:

PHASE CONTRAST
OF CELLS ON
AGAR:

5 da.

1600X
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IL. CULTURAL CHARACTERISFICS
(#6-20d)

AGAR STROKE: age 28 da .
Amount of growth: abundant, modemte? scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading. ,

Consistency: adherent, brittle, bulyrous, membranous, moist
slimy, sqft. tough, viscid, t:aaxy ’ i

AGAR COLONIES: age 30 da,
Macroscopic
Size:

Shape: filamentous, irregular, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, gigted, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate.

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), mterlaced, striated.

Optical properties.
Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent.
Appearance by transmitted light: opaque, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

mm.

Chromogenesis:
(medium ) (color) (CHM No.)
Trypticase soy agar Lt Amber 31ic

FELXXXIX Color varies with age:

- 4 da,: ¢ Bamboo
- 30 da,.: 13ea Lt Yellow
NUTRIENT BROTH: age
Amount of growth: abundant, moderate, scant.
Surface growth: none, flocculent, membranous, pellicle, ring.
. Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 86 da,

Liquefaction: n crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.
Line of puncture: filiform,

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:Moderate grewth,
Fat agar: Growth, :
Glucose-nitrate agar: No groewth, 12 da,
Nutrient agar growth better (no growth
- on glucose-nutrient agar).

Anaerobic nitrate broth: mo gas. 12 da.

DNA
G:C
G+C

moles %

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O,: agiabic, anaerobic, facultative, wiczo-

CATALASE: positive, negative. Slight

|

TEMPERATURE RELATIONSHIPS: age

Growth at 10°C.%., 20;(3 + ,38°C t. @t
45°Ct  55°C_™ C. =, 509C. = .
SOLE CARBON SOURCE: age
Glucose: positive, negative. I
Sucrose: positive, negative. e
Xylose: positive, negative. o,
Citrate: pesilive, negative. 11 da,
NH.* AS SOLE NITROGEN SOURCE: positive,
negative. Ab da,
REDUCTIONS: ,
Nitrate: NO,+ , NH__, gas—___, negative. _iiac

Methylene blue: positive, negative.
Selenite: positive, negative.glight ,
Tellurite: positive, pggative.

leada

6

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: aczM alkaline_.__, neutral, gas.
Sucrose: acid__, alkaline__, neutral, gas.
Lactose: acid—., alkaline__, neutral, gas.
Xylose: acid_., alkaline.__, neutral, gas.
Mannitol: acid__, alkaline, neutral, gas.

—Fermentative: anaerogeniec,

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, negative.
PR T
Fat: positive, negative.
Starch: positive, negative.
Cellulose: positive, negative. 1
Urea: positive, nggatite.

TOLERANCES:

Salt: 2%—positive, negative.
T%—positive, negative.
10%—positive, negative.

pH: acid. alkaline

LITMUS MILK REACTIONS:
Reaction: .a_cid, alkaline, neutral.
Curd: acid, alkaline, absent, gas.
Peptionization: positive, neggiive. -
Reduction: positive, negative.8light .

OTHER REACTIONS:

H.S from
negative.

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive,  neggtive.
Indol: positive, ngggtive.

Methyl red: positive, negative.

pber |11

l<

g

¢5

N
pary

Febr

: positive,

L]

Bb

H



OREGON STATE UNIVERSITY 35
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248b (#25=6) Trypticase Soy Agar =~ Chile Atacama Desert
(code number) (medium) (source)
Mycobacterium sp.* 28°¢C W.B. Bollen & K.M. Kempsr
(name of organism) (temperature) (studied by)
1. STAINING & MORPHOLOGICAL B "
CHARACTERISTICS

MORPHOLOGY:
Form: zrods, endsTound & pointed,
filaments, cocci, spirals,
branching
Size: average —
range —See Dichotomous Key p. 16,
Irregular forms:
NIGROSIN STAIN:
GRAM REACTION: Positive,
18 hrs: 24 hr,
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes): Negative.
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range —
NIGROSIN STAIN:
MOTILITY: age _1 da. . Negative,
17 da,
Flagella:

OTHER STAINS:
Acid fast:
Capsule:

Glycogen:

Fkystalline dextrins: NIGROSIN STAIN:
Fat globules:

Metachromatic granules: 18 hr.

¥[dentity of this isolant resembles
Mycobacterium brevicale Krasil'nikov 1941 or
%9 Blz;l):bggpertinctum (Hefferan) Ford 1927 (Jensen,




248b
($25-6) II. CULTURAL CHARACTERISTICS

AGAR STROKE: age 13 da,

Amount of growth: abundant, moderate, scant.
Form: aborescent, beaded, echinulate, effuse, fliform, rhiz-

oid, spreading. _
Consistency: adherent, brittle, butyrous, membranous, moist,
slimy, soft, tough, viscid, waxy. -
AGAR COLONIES: age 13 da, .
Macroscopic
Size: ... . mm,

Shape: filamentous, {tregulgr, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugosé, UMb«

onate.
Topography: contoured, rough, smooth, striated, wrinkled.
Habit: cqmuact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate. il

Internal structure: amorphous, dense, filamentous, granu-
lar {fine, coarse),’iﬁ%ﬁc%ﬂ, striated. ’

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. -

Appearance by. transmitted light: opague, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:
{medium) -(color) {CHM No.)
Trypticase soy agar Bittersweet 5 pc
Potato slant Burnt Orange)
NUTRIENT BROTH: age

"Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling '

GELATIN STAB: age (3 da,

Liquefaction: zone, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER -GROWTH CHARACTERISTICS:
Soybean infusion agar: Moderate,growth,
Fat agar: Growth,

Glucose-nitrate agar: Growth,
Growth nutrient agar;
- glucose-nutrient agar.

12 da,

Anaerobic nitrate broth: no gas,
DNA

G:C

G+C moles %

better growth on

12 da,

II1. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: agrgbic, anaerobic, facultative, micro-
aerophilic.

CATALASE: pgsitive, negative.

TEMPERATURE RELATIONSHIPS: age 17 da,
Growth at 10°C.*_ 20°C. _+  gecc_t gt
45°C._=_, 55°C..= Co=.

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.

Citrate: positive, neggtive, A0 da,
NILMg‘?ﬁigLE NITROGEN SOURCE:_ngsitive, 5 da.
REDUCTIONS:

Nitrate: NO,~+__, NH/* , £as. negative. _5 da.

Methylene blue: positive, negative. e

Selenite: positive, negative. M-

Tellurite: ngsitive, negative. 4 da,

OXIDATIVE-FERMENTATIVE REACTIONS

Glucose: acid__., alkaline__, neutral, gas. PR

Sucrose: acid___, alkaline___, neutral, gas. e

Lactose: acid___, alkaline__._, neutral, gas. —

Xylose: acid__., alkaline__, neutral, gas. e

Mannitol: acid__, alkaline, neutral, gas. —_—

HYDROLYSIS:

Gelatin: positive, nggatine. M-

Casein: positive, pogating de_a.

Fat: positive, negatine. M-

Starch: positive, negative. slight. i1 da.

Cellulose: positive, negative. 111 da,

Urea: pggitive, negative. _4 da.

TOLERANCES:

Salt: 2%—ngsitive, negative. _6 da,
T%—pasitive, negative, 6 da,
10%—positive, negative. 9 da.

pH: acid , alkaline N

LITMUS MILK REACTIONS:

Reaction: acid, glkgline, neutral. 12 da.

Curd: acid, alkaline, qhsgnt, gas. 89 da.

Peptfonization: positive, ngggtive. 89 da.

7 da

Reduction: _nasitive, negative, 31ight , -
Goowth e, nesetios, 2 bettom of tube.
OTHER REACTIONS:

H.S from
negative. .

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative,
Indol: positive, ngggtive.

Methyl red: positive, negative.

: positive,

%
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Descriptive Chart

248Aa -1 (#25/TSA) Trypticase Soy Agar Chile Atacama Desert

(code number) {medium) (source)

__ Mycobacterjum sp.* 28°c, W.B, Bollen & K.M. Kemper

(name of organism) (temperature) (studied by)

I. STAINING ¢ MORPHOLOGICAL
- CHARACTERISTICS :

MORPHOLOGY:
Form: rods, ends pound & -pointed.
filaments, cocci, spirals,
branching
Size: average —
range — See Dichotomous Key p. 16,

Irregular forms:

NIGROSIN STAIN:

GRAM REACTION:Positive.
18 hrs: - 24 hr,

24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes): Negative,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,. S

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range —

MOTILITY: age 1.da. Negative,

Flagella: " NIGROSIN STAIN:
OTHER STAINS: 24 hr,
’ Acid fast:
Capsule:
Glycogen:

Crystalline dextrins:
Fat globules:
Metachromatic granules:

*Identity of this isolant resembles Mycobacterium brevicale Krasil'nikov 1941 or
M. rubropertinctum (Hefferan) Ford 1927 (Jensen, 1934).



248Aa~1
(#25/1SA)

AGAR STROKE: age 16 da,
Amount of growth: ebundant, moderate, scant.

Form: aborescent, beaded, echinulate, effuse, ﬁlitorm, rhiz-
oid, spreading.

Consistency: adherent, brittle, butyrous, membranous, moist,
slimy, saft, tough, viscid, waxy.

II. CULTURAL CHARACTERISTICS

AGAR COLONIES:
Macroscopic
Size: 3 ___ mm.
Shape: filamentous, irregular, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: cgmpact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoi’d, undulate. ’

Internal structure: ar ous, dense, filamentous, granu-
lar (fine, coarse), interlaced, striated.

Optical properties

Appearance by reflected light: dull, fluorescent,
ing, iridescent, opalescent.

age 23 da,

listen-

Appearance by transmitted light: opggue, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,

yellowed, ugghanged.

Chromogenesis:

(medium) { color) (CHM No.)
Trypticase soy agar 6 le
Potato slant

NUTRIENT BROTH: age —_—.

Amount of growth: abundgnt, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age 23 da, .

Liquefaction: . crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Abundant growth.

Fat agar: OGroWth,

Glucose-nitrate agar: NO growth, 12 da,
Growth on glucose-nutrient agar better

than on nutrient agar.

38
1I1. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O.: aerobic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17.da, |
Growth at 10°C.+_, 20°C. * _ $8°C.+  gvrt_,
45°C._=_, 55°C.._= ca.__. .

SOLE CARBON SOURCE: age
Glucose: positive, negative.

Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, negative.

NH¢" AS SOLE NITROGEN SOURCE: positive,
negative.

REDUCTIONS:
Nitrate: NO,_+_, NH,* , 8as.
Methylene blue: positive, negative.
Selenite: positive, pggglive,
Tellurite: goyitive, p#ative.

negative.

e b BRI

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid—., alkaline___, neutral, gas.
Sucrose; acid___, alkaline___, neutral, gas.
Lactose: acid_._, alkaline___, neutral, gas.
Xylose: acid___, alkaline___, neutral, gas.

Mannitol: acid__, alkaline, neutral, gas.

I

HYDROLYSIS:
Gelatin: positive, nggative. 14
Casein: positive, gegative. 31 da
Fat: positive, negative.
Starch: positine, negative. sligh‘t. 1 .

Cellulose: positive, negative.

3

FEs

Urea: pggitive, negative. slight, 11 da.
TOLERANCES:

Salt: 2%-ppsifing, negative. 6 da,
7%—positive, negative. 6 da,
10%—Eosit1've, negative. 9 da,

pH: acid alkaline e

LITMUS MILK REACTIONS:

Reaction: acid, alkgline, neutral. 12 da.

Curd: acid, alkaline, qbgent, gas. 89 da.

Pept{onization: positive, neggtive, 89_518..

Reduction: pogitive, negative. Slight . Jjja.

OTHER REACTIONS:

_Anserobic mitrate broth: no gas., 12da, ™SIom— + positive,
NH,* from peptone: positive, negative. S
DNA Acetylmethylcarbinol: positive, uggative. 12 da.
G:C Indol: positive, ngggtive. 12 da.
G+C moles % Methyl red: positive, negative. -
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DEPARTMENT OF MICROBIOLOGY

(JPL—NASA)

Descriptive Chart

248Aa -2 (#25/TsA) Trypticase Soy Agar Chile Atacama Desert
(code number) (medium) (source)
Mycobacterjum sp.* 289c. W.B. Bollen & K.M., Kemper
(name of organism) (temperature ) (studied by)

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:
Form: 1ods, ends_mjmd_&_pninted.
filaments, cocci, spirals,
branching
Size: average —
range — See Dichotomous Key p. 16.
Irregular forms:
NIGROSIN STAIN:
GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

24 hr,

PASTEURIZATION SURVIVAL (85°C, 10 minutes) Negative,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average ~—
range —

MOTILITY: age 1. da. .

Flagella:

NIGROSIN STAIN:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

24 hr,

*Iclexitity of this isolant resembles Mycobacterium
M. rubropertinctum (Hefferan) Ford 1927 (Jensen,

1000X

brevicale Krasil'nikov or
1934).




- 2hBAa-2 4o

(425 /T s1) II. CULTURAL CHARACTERISTICS III. PHYSIOLOGICAL CHARACTERISTICS
AGAR STROKE: age _16 da. . RELATIONSHIP TO O: gaxghic, anaerobic, facultative, micro-
Amount of growth: abundant, ngodergte, scant. 7 aerophilic.
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- CATALASE: positive, negative.

oid; spreading.
Consistency: adherent, brittle, hutyrous, membranous, maist, TEMPERATURE RELATIONSHIPS: age 1?7 da,

slimy, soft, tough, viscid, waxy. Growth at 10°C._t_, 20°C. _+  3e°c_+ oo+
AGAR COLONIES: age 23 da, 45°C.=—, 55°C.= Corze
Macroscopic SOLE CARBON SOURCE: age
Size: 0.5 mm. Glucose: positive, negative. e
Shape: filamentous, irregular, oval, puntiform, round. Sucrose: positive, negative. —
Elevation: beveled, convex, effuse, flat, papillate, pulvin- Xylose: positive, negative. —
ate, raised, rugose, umbonate. Citrate: positive, negative. _13__43.
Topography: contoured, rough, smooth, striated, wrinkled. NH.* AS SOLE NITROGEN SOURCE: pgsitive,
Habit: compact, spreading. negative. _5da,
Microscopic (100x) -
Margin: Ciliate, cleft, crenate, entire, erose, granular, REDUCTIONS:

lobed, rhizoid, undulate.

Nitrate: NO,+__, NH,* ive. 5 da
Internal structure: dense, filamentous, granu- jrate : U s g'as negative ¢

lar (fine, coarse), inferlaced, striated. Methylene blue: positive, negative. -
Optical properties Selenite: positive, nggative. 3 da.
Appearance by reflected light: dull, fluorescent, glisten- Tellurite: Lgsikivg, negative. b da.

ing, iridescent, opalescent. -

Appearance by transmitted light: opaque, translucent,
transparent. OXIDATIVE-FERMENTATIVE REACTIONS

Medium: blackened, blued, browned, grayed, greened, Glucose: acid @ , alkaline__, l= 8as.., ¢ -
yellowed, unchgngad. Sucrose: acid—_, alkaline__, :ft‘z‘fgl, gas. —
Chromogenesis: Lactose: acid—_, alkaline___, neutral, gas. R
(medium) (color) (CHM No.) Xylose: acid__, alkaline____, neutral, gas. -
Trypticase soy agar Lt.Laequer Red 6 ne Mannitol: acid___, alkaline, neutral, gas. —
Potato slant -
- HYDROLYSIS:
Gelatin: positive, negative. 14 da,
NUTRIENT BROTH: age . Casein: positive, ngggtive. 24 da,
Amount of growth: abundant, moderate, scant. Fat: positive, ngggtive, 14 da,
Surface growth: none, flocculent, membranous, pellicle, ring. Starch: positive, negative.81ight ., 11 da
Subsurface growth: none, granular, turbid. Cellulose: positive, negative.
Sediment: none, compact, flaky, flocculent, granular, viscid. Urea: positive, negative. slight, 11 da
Odor: resembling . = |
, TOLERANCES:
GELATIN STAB: age 73 da, Salt: 2%—positive, negative. 6. da,
Liquefaction: crateriform, infundibuliform, napiform, T%—uasitine. negative. 6 da,
saccate, “’gt%m' 10%—pogitipe, negative. 6 da.
Rate: fast, moderate, slow. pH: acid alkaline
OTHER GROWTH CHARACTERISTICS: LITMUS MILK REACTIONS:
Soybean infusion agarAbmnt growth, Reaction: acid, glkgline, neutral. 12 da,
Fat agar: Growth, Cwrd: acid, alkdline, ghsegt, gas. m.
Glucose-nitrate agar: NO growth, 12 da, Peptionization: positive, ngggtive 89 da,

Growth on glucose-nutrient agar better Redugtion; positive, ; ' 89 da.
_than growth on nutrient agar. Growih Lt. orahse in bottom of tube,

OTHER REACTIONS:

Anaercbic nitrate broth: no gas. 12 da., '55om— ¢ positive,
NH,* from peptone: positive, negative. R
DNA Acetylmethylcarbinol: positive, ngggtive, 12 _da.
G:C Indol: positive, negative. 12 da,

G+C moles % Methyl red: positive, negative.



OREGON STATE UNIVERSITY b1

DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

247Bb (#24) Trypticase Soy Agar Chile Atacama Desert
(code number) (medium) (source)
_ Arthrobacter sp. 28%. | W.B. Bollen & K.M. Kemper
(name of organism) (temperature ) : (studied by)
1. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:
Form: rods, endsround-& pointed.
filaments, cocci, spirals,
branching . .
Size: average —
range —
Irregular forms:

GRAM REACTIONPositive. NIGROSIN STAIN:
18 hrs: TSA 24 hr,
24 hrs:

48 his:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Negative
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —

NIGROSIN STAIN:

Tange = GLUCOSE-NITRATE AGAR:
MOTILITY: age 1 da . Negative. 24 hr
Flagella: )

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

NIGROSIN STAIN:
AMMONIUM UTILIZATION AGAR:

24 hr,




247Bb

(#24) II. CULTURAL CHARACTERISTICS IIT. PHYSIOLOGICAL CHARACTERISTICS
AGAR STROKE: age 16 da . RELATIONSHIP TO O: gezabig, anaerobic, facultative, micro-
Amount of growth: qlundant, moderate, scant. aerophilic.
Form:_ aborescent, beaded, echinulate, effuse, filiform, rhiz- CATALASE: pgsitive, negative.
oid, spreadmg
Consistency: adherent, brittle, byturaus, membranous, woist, TEMPERATURE RELATIONSHIPS: age - . .
slimy, seff, tough, viscid, waxy. Growth at 10°C._+_, 20°C. _+  g8°C._+  §O_= |
AGAR COLONIES: age 16 da, 45°C_=, 55°C .+
Macroscopic SOLE CARBON SOURCE: age
Size: 2 mm. - Glucose: positive, negative. .
Shape: filamentous, irregular, oval, puntiform, zound, Sucrose: positive, negative. —
Elevation: beveled, gon y%, effuse, flat, papillate, pulvin- Xylose: positive, negative. —_—
ate, raised, rugose, umbonate. Citrate: pggitive, negative. acid i da.
Topography: contoured, rough, guooth, striated, wrinkled. NH.* AS SOLE NITROGEN SOURCE: iti
Habit: compact, spreading. negative. 1da.
Microscopic (100x) -
Margin: Ciliate, cleft, crenate, entire, erose, -granular, REDUCTIONS:
lobed, rhizoid, undulate. Nitrate: NO- NH. s . 2 da
Internal structure: gmorphous, dense, filamentous, granu- ate: : ? ? g negative. & =S
lar (fine fine, coarse), interlaced, striated. Methylene blue: positive, negative. —
Opﬁca] properties Selenite: positive, negative. 46 da,
Appearance by reflected light: dull, fluorescent, glistan- Tellurite: positive, ugggtive, 15 da,
ing, iridescent, opalescent. -
Appearance by transmitted light:_gpggye, translucent,
transparent. OXIDATIVE-FERMENTATIVE REACTIONS
Medium: blackened, blued, browned, grayed, greened, Glucose:Suci®&$ alkaline___, neutral, gas. —
yellowed, Wd Sucrose: acid__, alkaline.__, neutral, gas. S
Chromogenesis: Lactose: acid___, alkaline___, neutral, gas. —
(medium) -(color) (CHM No.) Xylose: acid___, alkaline___, neutral, gas. —_—
Trypticase soy agar Lt Ivory 2 ca Mannitol: acid_, alkaline, neutral, gas. -
Potato slant _
- HYDROLYSIS:
Gelatin: positive, negative. 1_1}__d8...
NUTRIENT BROTH: age —— . . Casein: pgsitive, negative. A4 da,
Amount of growth: agbundant, moderate, scant. Fat: positive, pegative, 48 da,
Surface growth: none, flocculent, membranous, pellicle, ring. Starch: positive, negative.81ight , 6 da,
Subsurface growth; none, granular, turbid. Cellulose: positive, neggtive. 30 da.,
Sediment: none, compact, flaky, flocculent, granular, viscid, Urea: positive, negative. 2 da,
Odor: resembling
TOLERANCES:
GELATIN STAB: age 14 da, Salt: 2% pasitine, negative. 2da,
Liquefaction: none, crateriform, infundibuliform, napiform, T%—positive, Juegalive. 14 da.
saccate, stratifornte 10%—positive, uegative. 14 da.
Rate: fast, moderate, slow. pH: acid alkaline
OTHER GROWTH CHARACTERISTICS: LITMUS MILK REACTIONS:
Soybean infusion agarAbundant growth, Reaction: acid, ¢lkgling, neutral. 15’_@:
Fat agar: Growth, Curd: acid, alkaline, ghsent, gas. 30 da.
Glucose-nitrate agar;Abmdan’p growth. 1 da, Peptjonization: positive, gegative. _%__d__aJ
Growth on glucose-nutrient agar more Reduction: pgsitie, negative. SLight , 14 da,
—abundant than on nutrient agar (both OTHER REACTIONS:
abundant).
H:S from : positive,
- negative. R
Anaerobic nitrate broth: mno gas. 14 da. NH,* from peptone: positive, negative. I
DNﬂ'lmse"aspamgm agar: Abundant gmh- Acetylmethylcarbinol: positive, negative. 14 da.,
G:C Indol: positive, negative. 14 da,

G+C moles % Methyl red: positive, negative.




OREGON STATE UNIVERSITY k3

DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

27ka (#6-20d) Trypticase Soy Agar Chile Atacama Desert
(code number) , (medium) (source)

_ Mycococcus capsulatus * 28°C, W.B. Bollen & K.M. Kemper

(name of organism) (temperature) (studied by)

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

NIGROSIN STAIN:
MORPHOLOGY:

Form: rgds, ends_round | 72 hr.
filaments, ¢occi, spirals,
branching .
Size: average — Length 24 hr, cells average 1.2p.
range — Diameter 72 hr, cells 0.74-1,25p.
Irregular forms: Resting cells 2.2p diameter.
Coccoid. Majority of cells 0.8p diameter.
GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Negative.
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —

range — NIGROSIN STAIN:

MOTILITY: age 1 da. Negative. 72 br.
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules: ‘
Metachromatic granules:

NIGROSIN STAINS:
24 hr, & 22 da,

1000

* (Krasil'nikov, 1941, 127.)




II. CULTURAL CHARACTERISTICS

AGAR STROKE: age ~ 10 da,
Amount of growth: abundant, moderate, scgpt.

Form:_ aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading.

Consistency: adherent, brittle, hutyraus, membranous, Jgist,
slimy, soft, tough, viscid, waxy.

20d.)

AGAR COLONIES:
Macroscopic
Size: (2] mm,
Shape: filamentous, irregular, oval, pyntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate. ’

Internal structure: amorphous, dense, filamentous, grgnu-
Jar (fine, coarse), interlaced, striated.
Optical properties
Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent.
Appearance by transmitted light: opaque, translucent,
trangpgrent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchgnged.

age _ 20 da,

Chromogenesis:

(medium) (color) (CHM No.)
Trypticase soy agar Pastel Orange bie
Potato slant

NUTRIENT BROTH: age
Amount of growth: abundant, moderate, scant.
Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.
Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age .73 da,. .

Liquefaction: n crateriform, infundibuliform, napiform,
saccate, straf‘garm.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Moderate growth.
Fat agar:Growth (much better than en TSA).
Glucose-nitrate agarNO growth. 14 da,
Growth on nutrient agar; no growth on
-glucose-nutrient agar,

Anaeroblc nitrate broth: no gas. 12 da,
DNA

G:C

G+C moles %

IIL PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: aerobic, anaerobic, facultative, micro-
aerophilic. _—
AN

CATALASE: positive, negative, S+ight.

TEMPERATURE RELATIONSHIPS: age 7. d&.

Growth at 10°C..=_, 20°C. .+ sa°c_+  do°_+,
45°C_=_ s5°c.= . 159C._+_.slight,

age

SOLE CARBON SOURCE:
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.

Citrate: positive, negative. 811ght, 11 da
NH;@QQSZEELE NITROGEN SOURCE: positive, M
REDUCTIONS:

Nitrate: NO,__+ VI?E Sligaet‘ negative. 12 da

Methylene blue: positive, negative. — -

Selenite: positive, neggtive. .ﬂdé

Tellurite: positive, negatice. 11 da

OXIDATIVE-FERMENTATIVE REACTIONS

Glucose: acid___, glkaline.._, neutral, gas. ———

Sucrose: acid__, alkaline___, neutral, gas. —_—

Lactose: acid.__, alkaline__, neutral, gas. —

Xylose: acid._, alkaline.__, neutral, gas. —

Mannitol: acid___, alkaline, neutral, gas. ———

HYDROLYSIS:

Gelatin: positive, nggatipe. J.ﬁ_._ﬂﬂ

Casein: positive, mgatm 31_d_3

Fat: positive, neggtive. M

Starch: positive, negative. slight, 11 da

Cellulose: positive, neggtive. 111 da

Urea: positive, n €m€-¢m groswhh) 11 da

TOLERANCES:

Salt: 2%—positive, neggtive. _6 da
T%—positive, negative, 21 da
10%—positive, ngggtive. 21 da

pH: acid , alkaline. .. ———

LITMUS MILK REACTIONS:
Reaction: acid, alkaline, ngufral. 89 da
Curd: acid, alkaline, ghsent, gas. 89 da

Peptionization: positive, negative.
Reduction: positive, segasics.

OTHER REACTIONS:

H.S from
negative.

NH,* from peptone: positive, negative.
Acetylmethylearbinol: positive, nggative.
Indol: positive, nggative.

Methyl red: positive, negative.

i

s positive,

|

o
B

P

.



OREGON STATE UNIVERSITY ks
DEPARTMENT OF MICROBIOLOGY

(JPL—NASA)

Descriptive Chart

2l6a (#26/TSA) Chile Atacama Desert
~ (code number) (medium ) (source)
Bacillus 28°cC, W.B. Bollen & K.M. Kemper
(name of organism) (temperature) (studied by)
‘1. STAINING ¢ MORPHOLOGICAL
CHARACTERISTICS
MORPHOLOGY:

Form: rods, ends_Square & round;
filan;-nts, cocci, spirals,
branching
Size: average —
range —

Irregular forms: NIGROSIN STAIN:

GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes): POSitive,
Sporangia: none, rads, spindles, elliptical, clavate, drumstwk
Endospores: swollen, not swollen,.

_ Position: central to excentric, terminal, subterminal.
Shape: spherical, llipsoidal, ulindrical, oval.
size: average —

range — .

SPORE STAIN:

'MOTILITY: age
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:




2héa
II. CULTURAL CHARACTERISTICS
(#26/1SA)

AGAR STROKE: age 22 da,

Amount of growth: abundant, moderate, scant.
Form: aborescent, beaded, echinulate, effuse; filiform, rhiz-

oid, spreading.

Consistency: adherent, brittle, butyrous, membranous, moist,
slimy, soft, tough, viscid, J:axy.

AGAR COLONIES: age23 da, |
Macroscopic

Size: ___5_____ mm.

Shape: filamentous, irregular, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, , entire, erose, granular,
lobed, rhizoid, unduﬁte. ’

Internal structure: amorphous, dense, filamentous, ggny:
lar (fine, coarse), interlaced, striated. ’

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, ridescent, opalescent, ™

Appearance by transmitted light: opaque, translucent,

transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:
(medium) {(color) (CHM No.)

Trypticase soy agar :Lt IWW 2 ¢a.

Potato slant

NUTRIENT BROTH: age
Amount of growth: abundant, moderate, scant.
Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.
Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling .

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:Abundant growth,
Fat agar:.

Glucose-nitrate agar: Slight growth., 7 da.

Growth on glucose-nutrient agar better than Reduction: uositivg, negative.

- on nutrient agar,
Anaerobic nitrate broth:

DNA
G:C
G+C

moles %

LITMUS MILK REACTIONS:

no gas., 12 da,

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O,: gerobic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age .17 da, .
Growth at 10°C._*+_, zo";‘b _+ gseect  goo_+
45°Cc.t_, 55°C._= C._=_, 50°C

® nane®

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: pgsitive, negative.
NH,* AS SOLE NITROGEN SOURCE: ugsitive.

negative.
Mannitel: Positive (no acid).

REDUCTIONS:
Nitrate: NO:" NH.* , 8as.
Methylene blue: positive, negative.
Selenite: pogitive, negative.
Tellurite: positive, negative.

b ||

-
N
&

'

negative.

1

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid.—, alkaline___, neutrdl, gas.
Sucrose: acid. , neutral, gas.
Lactose: acid___, alkaline__, neutral, gas.
Xylose: acid
Mannitol: acid._.., alkaline, neutral, gas.

, alkaline.

, alkaline___, neutral, gas.

HYDROLYSIS:
Gelatin: positive, negative.
Casein: pogjtive, negative.
Fat: positive, negative.
Starch: positive, negative.
Cellulose: positive, pgggtive.
Urea:_positive, negative.

TOLERANCES:
Salt: 2%—positive, negative.

o

.

e Eebee U]

T%—~positive, negative.
10%—positive, negative.
pH: acid , alkaline

g

Reaction: acid, alkaline, neutral.
Curd: acid, alkaline, ghsent, gas.
Peptlonization: positive, negative.

FEF

Ep

OTHER REACTIONS:

st from
negative.

: positive,

|

NH.* from peptone: positive, negative.

Acetylmethylearbinol: pgsitive, negative. 12 da,
Indol: positive, negative.

F

Methyl red: positive, negative.

4



OREGON STATE UNIVERSITY bz

DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

— I Chile Atacama Desert
(code number) (medium ) (source)
__ Bacillus cereus 28°c. W.B. Bollen & K.M. Kemper
(name of organism) (temperature) (studied by)
1. STAINING & MORPHOLOGICAL . .
CHARACTERISTICS
MORPHOLOGY:

Form: seds, ends_Square & round,
filaments, cocci, spirals,
branching

Size: average — NIGROSIN STAIN:

range —

Irregular forms:

GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

000X

PASTEURIZATION SURVIVAL (85°C, 10 minutes) FOSitive,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. *
Endospores: swollen, ngt swollen,.

Position: cgnirgl to excentric, terminal, subterminal.
Shape: spherical, ellipsoidgl, cylindrical, oval.
size: average —
range —
MOTILITY: age SPORE STAIN:
Flagella:

OTHER STAINS:
Acid fast:
Capsule: : 1 QG ox
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:




260A
II. CULTURAL CHARACTERISTICS

(#25/TS4)
AGAR STROKE: agelb da,
Amount of growth: abundant, moderate, scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading. ——

Consistency: adherent, brittle, huturous, membranous, wgis,
slimy, soft, tough, viscid, waxy.

AGAR COLONIES: age W4 da,

Macroscopic
Size: __3__.__. mm.
Shape: filamentous, igzggylar, oval, puntiform, round.

Elevation: -beveled, convex, effuse,
ate, raised, rugose, umbonate.

Topography: contoured, rough, smagth, striated, wrinkled.
Habit: compact, spreading.

Microscopic (100x)
Margin: Ciliate, cleft, crenate, entire, grose, granular,

lobed, rhizoid, // v

Internal structure: tg‘ %IO ¢ TB’ J#E RS

ﬁr (fine, co_(ﬂe), interlaced, striated. —
Optical properties

Appearance by
ing, iridescent, opalescent.

Appearance by transmitted light; end,
transparent. ght: Zppguer NrenglepentT

Medium: blackened, blued, browned, grayed, greened,
yellowed, d.

Chromogenesis:
(medium) (color)

Trypticase soy agar Lt Ivory

Potato slant

(CHM No.)
2 ca

%‘sf?‘l@tfbﬁf‘ﬁ@i&'TIONsﬁﬂﬁiA

reflected light:—dullGiloAS&E Q@dyl TR ATRNEp: positive, negative.

III. PHYSIOLOGICAL CHARACTERISTICS

5.187 ‘
RELATIONSHIP TO O:: agsabic, anaerobic, facultative, micro-
- aerophilic,

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 7 Q8.
Growth at 10°C._+., 20°C. -+ go°C_+, go°_+*
gs°ct_, s5°c=_ 5%C._=, 50%°C. ..

SOLE CARBON SOURCE:
Glucose: positive, negative.
Sucrose: positive, negative.

age

ositive, negative.

SR AINING

NH,* AS SOLE NITROGEN SOURCE: ppsitive, '
' negative.

S

REDUCTIONS:
Nitrate: NO;~ NH.* , gas.
Methylene blue: positive, negative.
Selenite: positive, negative.

negative.

i

C %ﬁ[&\lI'IVE-FERMENTATIVE REACTIONS

Glucose: acid—, alkaline__, neutral, gas.
Sucrose: acid_, alkaline___, neutral, gas.
Lactose: acid_, alkaline
Xylose: acid.

Mannitol: acid.

, neutral, gas.

, alkaline__, neutral, gas.
, alkaline, neutral, gas.

i

TEST SUPPORT BY OPERATIONS TEAM

NUTRIENT BROTH: —RSIF OVT
Amount of growth: abundant, moderate, scant.
Surface growth: none, flocculent, nTéTn‘bQﬁMs, ?eﬁ%ﬁg ;%G
Subsurface growth: none, granular, turbid,

Sediment: none, compact, flaky, m%@éaﬁMISES
Odor: resembling

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Abundant growth,
Fat agar:
Glucose-nitrate agar: Growth. 7 da,
Glucose-nutrient agar growth slightly
_. better than nutrient agar.

Anaerobic nitrate broth: no gas. 12 da,
DNA

G:C

G+C moles %

HYDROLYSIS:

Gelatin: positive, negative. _é_d,a..

Casein: pogitive, negative. 1 da.

Fat: positive, negative. —

Starch: positive, negative. 6 da,

Cellulose: positive, negative: S

Urea: positive, negative. __S_ﬂﬂ. .

TOLERANCES:

Salt: 2%—positine, negative. _j_d‘;a_'-
T%nQsitive, negative. 6 da.
10%—positive, yggative, 11 da,

pH: acid , alkaline —

LITMUS MILK REACTIONS:

Reaction: acid, glkglipe, neutral. _5da,

Curd: acid, alkaline..gbsent, gas. M-

Peptfonization: Qositive, negative. _2 da,

Reduction: pogitive, negative. J__d.a.

OTHER REACTIONS:
H.S from : positive,
negative. —

NH,* from peptone: positive, negative. —

Acetylmethylcarbinol: nasitive, negative. lz__c_l__a.

Indol: positive, nggative. 12 da.

|

Methyl red: positive, negative.



OREGON STATE UNIVERSITY ]
DEPARTMENT OF MICROBIOLOGY

(JPL—-NASA)

Descriptive Chart

260b (#26/TsA) Chile Atacama Desert
(code number) (medium) (source)
Bacillus sp.* . 289C, W.B. Bollen & K,M. Kemper
(name of organism) ( temperature) (studied by)

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:
Form: rods, ends. 8Quare & rounded,
filaments, cocci, spirals,
branching .
Size: average —
Irregu;:rngfzms: NIGROSIN STAIN:
GRAM REACTION: Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes): Positive,

Sporangia: none, rods, spindles, elliptical, clavate, drumstick.

Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, elligsoidal, cylindrical, oval.
size: average —
range —
. SPORE STAIN:

MOTILITY: age — .

Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

*The cell size of this microorganism places it into Group I of the dichotomous key

for genus Bacillus. The physiological reactions of this isolant are not in close
accordance with either Bacillus megaterium nor B, cersus,
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II. CULTURAL CHARACTERISTICS
(#26/TSA)

AGAR STROKE: age 16 da.

Amount of growth: abundant, moderate, scant.

Form:_ aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading.

Consistency: adherent, brittle, butyrous, membranous, moist,
slimy, goft, tough, viscid, waxy.

AGAR COLONIES: agei6 da, .

Macroscopic
Size: — 3 mm.
Shape: filamentous, irregular, oval, puntiform, round.

Elevation: beveled, convez, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: ¢ompgct, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular
*" lbbed, rhizoid, W ’ ’ ’ ’

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarseT, z'n;erﬁed, striated.

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. :

Appearance by transmitted light: opaque, translucens,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:

(medium) (color) (CHM No.)
Trypticase soy agar Bisque 3 sc
Potato slant

NUTRIENT BROTH: age -

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling .

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:Abundant grewth,
Fat agar:
Glucose-nitrate agar: N0 growth, 12 da,
Slight growth nutrient agar; no growth
— glucese=nutrient agar.

Anaerobic nitrate broth: no gas:
DNA

G:C

G+C moles %

12 d&.

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O.: ggrobic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 dB,
Growth at 10°C._+ , 20°C, _*+ A 88°C.+_ g&_+ |
&Cct_ 55°Cc_= 5%, _=_, 50°C, -

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.

EI |

Citrate: positive, negative. .
NH,* AS SOLE NITROGEN SOURCE.: pgsitive,
negative.
TMannitol: Positive (no acid) 6 da.
REDUCTIONS:

Nitrate: NO,_%+_, NH.* gas
Methylene blue: positive, negative.
Selenite: positive, negative. Slight .

Tellurite: positive, negative.

negative,

L]

EE

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid__, alkaline___, neutral, gas.
, alkaline___, neutral, gas.
Lactose: acid___, alkaline___, neutral, gas.
Xylose: acid__, alkaline._, neutral, gas.
Mannitol: acid___, alkaline, neutral, gas.

Sucrose: acid.

i

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, negative.
Fat: positive, negative.
Starch: nositive, negative.
Cellulose: positive, neggtive.
Urea: positive, negative.

TOLERANCES:
Salt: 2%—positive, negative.

P bRl B

T%—positive, nggative. 11 da.
10%~positive, negative. 11 ad.

pH: acid alkaline

LITMUS MILK REACTIONS:
Reaction: acid, alkaline, neutral.
Curd: acid, alkaline, ghsent, gas.
Peptfonization: positive, ngggtive.
Reduction: positive, iegative.

OTHER REACTIONS:

H.S from
negative.

NH,“ from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative.
Indol: positive, gegative,

Methyl red: positive, negative.

*

*

FEEE |

: positive,

R
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OREGON STATE UNIVERSITY 51

DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

248a (#6=20d) Trypticase Soy Agar Chile Atacama Desert
(code number) (medium) _ ) (source)
__Bacillus pumilug 28°c. W.B. Bollen & K.M. Kemper
(name of organism) (temperature) (studied by)
1. STAINING & MORPHOLOGICAL '
CHARACTERISTICS

MORPHOLOGY:
Form: rodfflends_vound
filaments, cocci, spirals,
branching
Size: average —
range — NIGROSIN STAIN

Irregular forms:

GRAM REACTION: Positive.
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Posi‘bive,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.
~ Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —

range —

SPORE STAIN

MOTILITY: age
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:
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II. CULTURAL CHARACTERISTICS
(#6-204)

AGAR STROKE: agelfp da.
Amount of growth: gbuadgnt, moderate, scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading. LL'

Consistency: adherent, brittle, huturous, membranous, [oist,

slimy, sqft, tough, viscid, waxy.
age ~:L6_da4__

AGAR COLONIES:
Macroscopic
Size: — 2 mm.
Shape: filamentous, irregular, oval, puntiform, wound,

Elevation: beveled, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate,

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate.

Internal structure: amorphous, filamentous, granu-
lar (fine, coarse), interlaced, striated.

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. ’ ——

Appearance by transmitted light: opaque, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:

(medium ) (color) (CHM No.)
Trypticase soy agar Lt Ivory 2 ca
Potato slant

NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling .

GELATIN STAB: age — - .

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Abundant growth,
Fat agar:
Glucose-nitrate agar:Growth., 12 da,
Growth on nutrient agar better than on
- glucose- nutrient agar,

Anaerobic nitrate broth: no gas.
DNA

G:C

G+C moles %

12 da,

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: ggrabig.anaerobic, facultative, micro-
aerophilic.

CATALASE: pgsitive, negative.

TEMPERATURE RELATIONSHIPS: age 17.da, .
Growth at 10°C.+__, 20°C. _+, g68°C. +_ dqp°_+
45°C__+, 55°C._=.59C, =, 50°C, + .

SOLE CARBON SOURCE: age
Glucose: positive, negative.

|

Sucrose: positive, negative. -

Xylose: positive, negative.

l

;

Citrate: pgsitive, negative. L
NH,* AS SOLENITROGEN SOURCE: positive,
(S R =

negative. _5_da.
Mannitel: Positive, acid. 6 da,
REDUCTIONS:
Nitrate: NO,~. , NH,* gas. nesative, J.g__d_a-
Methylene blue: positive, negative.
Selenite: positive, negative. —_—
Tellurite: positive, negative. 4 da,

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid___, alkaline__, neutral, gas.
Sucrose: acid__, alkaline___, neutral, gas.

, alkaline___, neutral, gas.

Xylose: acid__, alkaline___, neutral, gas.

Mannitol: acid__, alkaline, neutral, gas.

Lactose: acid.

I

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, negative.
Fat: positive, negative. -

BE

Starch: positive, ngggtive, 14 da,

Cellulose: positive, negative. ——

Urea: positive, negative. 11 da,
TOLERANCES:

Salt: 2%—positive, negative. 1 da.
T%—pgsitive, negative. 1 da,
10%—pggitive, negative. 6 da.

pH: acid. alkaline.

LITMUS MILK REACTIONS:

Reaction: acid, akaline, neutral. 1 da.

Curd: acid, alkaline, abseat, gas. 8.&9;3‘_‘

Peptionization: pggsitive, negative. 22 da,

Reduction: pggitive, negative. 7. da,

OTHER REACTIONS:

st from
negative.

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: pgsitive, negative.
Indol: positive, negative.

Methyl red: positive, negative.

: positive,

BE
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OREGON STATE UNIVERSITY
DEPARTMENT OF MICROBIOLOGY

(JPL~NASA)

Descriptive Chart

277a=2 (#6)

(code number) (medium)

Bacillus ¢ ns 28°c¢,

LChile Atacama Desert =

W,B, Bollen & K.M, Kemper

(source)

(name of organism) (temperature)

(studied by)

53

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:

Form: rods, ends_Tound |
filaments, cocci, spirals,
branching —

Size: average —

range —

Irregular forms:

GRAM REACTION:Positive,
18 hrs:

24 hrs: NIGROSIN STAIN:
48 hrs: .

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Positive.
Sporangia: none, gods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, ngt swollen,.

Position: gengral to gxcentric, terminal, subterminal.
Shape: spherical, gllipsoidgl, cylindrical, oval.
size: average —
range —

.

MOTILITY: age ;_ - SPORE STAIN:
Flagella:

OTHER STAINS:
Acid fast:
Capsule:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

1000%

1000X
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#) II. CULTURAL CHARACTERISTICS
ACAR STROKE: age 14 da,

Amount of growth: ghundgnt, moderate, scant.

Form: gborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreﬁz'ng.

Consistency: adherent, brittle, huturous, membranous, mgist.
slimy, soft, tough, viscid, waxy.

AGAR COLONIES: age 16 da,

Macroscopic
Size: _3___ mm.
Shape: filamentous.irregular, oval, puntiform, round.

Elevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough,smooth, strigted, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulsteimbriate,

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), jaterlaced, striated.

Optical properties

Appearance by reflected light: dull, fluorescent, glisien-
ing, iridescent, opalescent.

Appearance by transmitted light: opaque, {rgnslucent.
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged,

Chromogenesis:
(medium ) (color) (CHM No.)
Trypticase soy agar Banboo 2 ge
Potato slant
NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, g;anular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar: Moderate growth,
Fat agar:

Glucose-nitrate agar: No Growth, 12 da,

Slight growth on nutrient agar; no growth Reduction: positive, negative.

— on glucose-nutrient agar.

-Angerobic nitrate broth: no gas.
DNA

G:C

G+C moles %

12 da,

Sk
III. PHYSIOLOGICAL CHARACT. ERISTICS

RELATIONSHIP TO O.: aerobic, anaerobic, facultative, raicsar
ronhili

CATALASE: nogitize, negative.
TEMPERATURE RELATIONSHIPS:  age 119_3_1_____
Growth at 10°C._+_, 20°C. +, 38°C + . g
45°C.t_, 55°C._=_.59C,__=, 50°C._=_.
SOLE CARBON SOURCE: age

Glucose: positive, negative.
Sucrose: positive; negative.

Xylose: positive, negative.

¢l

Citrate: positive, negative.
NH,* AS SOLE NITROGEN SOURCE: positive,
neggtive. 12 da,

‘Mannitol: Negative, 1l da.
REDUCTIONS:

Nitrate: NO;- , NH,* , £as. Legative. 12 da.

Methylene blue: positive, negative.

Selenite: positive, gggative. 16 da,

Tellurite: positive, ngggtive, 11 da.
OXIDATIVE-FERMENTATIVE REACTIONS

Glucose:Sacid_Q, alkaline__, nautzal, gas. _© —

Sucrose: acid__, alkaline—_, neutral, gas. —

Lactose: acid___, alkaline___, neutral, gas. —

Xylose: acid_., alkaline—_, neutral, gas. —_

Mannitol: acid__, alkaline, neutral, gas. -
HYDROLYSIS:

Gelatin: positive, negative. L da,

Casein: positive, pegatipe. 24 da.

Fat: positive, negative.
Starch: positive, negative.
Cellulose: positive ngggtive.

Urea: positive, peggtive. rowth

TOLERANCES:
Salt: 2%—positive, negative.
T%—positive, negative.
10%—positive, negative.
pH: acid alkaline____._____.

LITMUS MILK REACTIONS:
Reaction; acid, alkaline, neutral.
Curd: acid, alkaline, absent, gas.
Peptionization: positive, peggtive,

¢

* @ >

BEEE 370 &

OTHER REACTIONS:

H.S from
negative.

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative.
Indol: positive, negative.

Methyl red: positive, negative.

: positive,

BE



OREGON STATE UNIVERSITY 55
DEPARTMENT OF MICROBIOLOGY

(JPL—-NASA)

Descriptive Chart

277a-1 (#6) ica Agar Chile Atacama Desert
(code number) (medium) (source)
____Bacillus badjus 28%c, W.B. Bollen & K.M, Kemper
(name of organism) (temperature ) (studied by)

I. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:

Form: rpds, ends__round |
filaments, cocci, spirals,
branching — .

Size: average —
‘range —
Irregular forms: NIGROSIN STAIN:
GRAM REACTIONPositive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):PoSitive,
Sporangia: none, rods, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range —

MOTILITY: age — .

Flagella: SPORE STAIN:
OTHER STAINS:

Acid fast:

Capsule: Positive,

Glycogen:

Crystalline dextrins:

Fat globules:

Metachromatic granules:

1000X%
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#6) II. CULTURAL CHARACTERISTICS
AGAR STROKE: age 1 da,

Amount of growth: abundant, moderate, scant.

Form:_ aeborescent, beaded, gghinylate, effuse, filiform, rhiz-
oid, spreading.

Consistency: adherent, brittle, butyroys, membranous,_mojist,
slimy, soft, tough, viscid, waxy.

AGAR COLONIES: age 16 da
Macroscopic
Size: 3 mm.
Shape: filamentous, irregular, oval, puntiform, round.

Elevation: beveled, conves, effuse, flgt, papillate, pulvin-
ate, raised, rugose, umbongte.

Topography: contoured, rough, smooth, striated, wrinkled.
Habit: compact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate.

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse T,w_%ﬁc_ed, striated.

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent.

Appearance by transmitted light: opaque, franslucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:

(medium) (color) (CHM No.)
Trypticase soy agar 3 ie
Potato slant

NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.
Odor: resembling

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:No growth,

Fat agar:

Glucose-nitrate agar: No growth, 12 da,

Growth slight on nutrient agar; no growth

-on glucose-nutrient agar,

Anaerobic nitrate broth. Gas., 5 da.

DNA
G:C
G+C

moles %

- III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O.: garghic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 da, |
Growth at 10°C.* , 20°C. _+ , se°c.t_ goo_t
s5°c_t, s5°c = 59C. =, 509C._=.

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.

Citrate: positive, negative.
NH,* AS SOLE NITROGEN SOURCE: positive,
negative.
Mannitel:
REDUCTIONS:
Nitrate: NO,~*_, NH,*___, gas
Methylene blue: positive, negative.
Selenite: positive, geggtive.
Tellurite: positive, negative.

PR

2
k

Negative.

;

negative,

3

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: Zucid_€., alkaline__, peutrgl, gas,lo
Sucrose: acid..., alkaline___, neutral, gas.
Lactose: acid..—, alkaline__, neutral, gas.
Xylose: acid___, alkaline___, neutral, gas.
Mannitol: acid—, alkaline, neutrgl, gas.

i

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, negative.
Fat: positive, negative.
Starch: positive, nggative.
Cellulose: positive, negative.

Urea: positive, negative, lno growth)

TOLERANCES:

Salt: 2%—positive, negative.
7%—positive, negative.
10%—positive, negative.

pH: acid_____, alkaline

FoEREl B

T

LITMUS MILK REACTIONS:
Reaction: acid, alkaline, nﬂh‘_c_d
Curd: acid, alkaline, absent, gas.
Peptonization: positive, negative.
Reduction: positive, negative.

* o

33

OTHER REACTIONS:

st fl' 0m
negative,

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative,
Indol: positive, pgggtive. '

Methyl red: positive, negative.

: positive,

)
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OREGON STATE UNIVERSITY .57

DEPARTMENT OF MICROBIOLOGY
(JPL—NASA)

Descriptive Chart

2752~ (46-20d) Trkpticase Soy Agar Chile Atacama Desert
(code number) (medium) (source)
£ ud 28°¢, :
(name of organism) (temperature) (studied by)
1. STAINING & MORPHOLOGICAL
CHARACTERISTICS

MORPHOLOGY:

Form: rgds ends_xYound |
filaments, cocci, spirals,
branching

Size: average —

range —

Irregular forms: NIGROSIN STAIN:

GRAM REACTION; Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes):Positive,
Sporangia: none, zads, spindles, elliptical, clavate, drumstick.
Endospores: swollen, watswollen,.

Position: gcentrgl to excentric, terminal, subterminal.
Shape: spherical, gllipsoidgl, cylindrical, oval.
size: average —
range —
SPORE STAIN:

MOTILITY: age

Flagella:

OTHER STAINS:
Acid fast: 1000X
Capsule:

Glycogen:

Crystalline dextrins:

Fat globules:
Metachromatic granules:

*Only difference is casein hydrolysis. This isolant has no casein hydrolysis after
30 days; B. firmus has moderate to wide zone of hydrolysis.
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. II. CULTURAL CHARACTERISTICS
(#6-20d)

AGAR STROKE: age 4 da,
Amount of growth: gbundant, moderafe, scant.

Form: aborescent, beaded, echinulate, effuse, filiform, rhiz-
oid, spreading. ——

Consistency: adherent, brittle, butyrous, membranous, moist,
slimy, %, tough, viscid, waxy.

AGAR COLONIES: age 4 da,
Macroscopic
Size: & _____ mm.

Shape: filamentous, irregular, oval, puntiform, round.

Flevation: beveled, convex, effuse, flat, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough smooth, striated, wrinkled.
Habit: campact, spreading.
Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizofd, undulate. 7

Internal structure: amm%dense, filamentous, granu-
lar (fine, coarse), interlaced; striated.

Optical properties’

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent.

Appearance by transmitted light: opaque, translucent,
transparent.

Medium: blackened, blued, browned, grayed, greened,
yellowed, unchanged.

Chromogenesis:
(medium) (color) (CHM No.)
Trypticase soy agar Cinnamon 3 le

Potato slant

NUTRIENT BROTH: age
Amount of growth: abundant, moderate, scant.
Surface growth: none, floccylent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.
Sediment: none, compact, flaky, floccylent, granular, viscid.
Odor: resembling

GELATIN STAB: age

Liquefaction: none, crateriform, infundibuliform, napiform,
saccate, stratiform.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:NO growth.
Fat agar:

Glucose-nitrate agar: No growth,
Growth on nutrient agar;
— glucose-nutrient agar.

12 da,
no growth on

Anaerobic nitrate broth; no gas.
DNA

G:C

G+C moles %

12 da,

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O:: ggrobic, anaerobic, fagultative, micro-
aerophilic.

CATALASE:. Eositioe, negative.

TEMPERATURE RELATIONSHIPS: age 17 d2.
Growth at 10°C._+ , 20°C. _+, $8°C.+ _, e0°_+
45°c.t_ 55°C_=_. 5°C, =, 50°C, - ,

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, negative.
NH." AS SOLE NITROGEN SOURCE: positive,

Pl

ve,
REDUCTIONS:
Nitrate: NO,~—+_| NH.'___, gas. negative.
Methylene blue: positive, negative.
Selenite: pogitive, negative.  8light,

3

Tellurite: positive, negative.

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid___, alkaline__, gas., O&C
Sucrose: acid__, alkaline__, neutral, gas.
Lactose: acid
Xylose: acid.
Mannitol: acid__, alkaline, neutral, gas.

, alkaline.__, neutral, gas.
, alkaline___, neutral, gas.

HYDROLYSIS:
Gelatin: positive, negative.
Casein: positive, negative.
Fat: positive, negative.
Starch: positive, negative.

Cellulose: positive, negative.
Urea: positive, negative, Zno growth)
TOLERANCES:
Salt: 2%--positive, negatice.
T%—positive, negative.

10%—positive, neggtive.
pH:acid ., dalkaline_._____ .

LITMUS MILK REACTIONS:
Reaction: acid, alkaline, neutral.
Curd: acid, alkaline, absent, gas.
Peptfonization: positive, geggtive.
Reduction: positive, ngggtive.

OTHER REACTIONS:

H.S from
“negative.

NH.* from peptone: positive, negative.
Acetylmethylcarbinol: positive, geggtive.
Indol: positive, ggggtive,

Methyl red: positive, negative.

I

FEFE | £

.

: positive,

|

R
E

b
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. OREGON STATE UNIVERSITY 59
DEPARTMENT OF MICROBIOLOGY

(JPL—-NASA)

Descriptive Chart

275a-2 (#6) Chile Atacama Desert =
(code number) A (medium) (source)
__ Bacillus firmugs* 28°¢, W.B, Bollen & K.M, Kemper
(name of organism) (temperature) (studied by)
1. STAINING ¢ MORPHOLOGICAL
CHARACTERISTICS
MORPHOLOGY:

Form: zods, ends ToUNd
filaments, cocci, spirals,
branching

Size: average —

range —

icogalar focmms: NIGROSIN STAIN:

GRAM REACTION:Positive,
18 hrs:
24 hrs:
48 hrs:

PASTEURIZATION SURVIVAL (85°C, 10 minutes): Positive,
Sporangia: none, rads, spindles, elliptical, clavate, drumstick.
Endospores: swollen, not swollen,.

Position: central to excentric, terminal, subterminal.
Shape: spherical, ellipsoidal, cylindrical, oval.
size: average —
range -

MOTILITY: age
Flagella:

OTHER STAINS:
Acid fast:
Capsule: Positive, SPORE STAINS:
Glycogen:
Crystalline dextrins:
Fat globules:
Metachromatic granules:

1000X

1000X

*Only difference is casein hydrolysis. This isolant has no caseln hydrolysis after

31 days.



275a-2
(#6)

II. CULTURAL CHARACTERISTICS

AGAR STROKE: agel3da,

Amount of growth: abundant, moderate, scant.
Form: aborescent, beaded, echinulate, effuse, ﬁlitorm‘ rhiz-

oid, spreading.

Consistency: adherent, brittle, butyroys, membranous, moigt,

slimy, goft, tough, viscid, waxy.

AGAR COLONIES: age 13 da,

Macroscopic

Size: 2 mm.
Shape: filamentous, irrggulgr, oval, puntiform, round.

Elevation: beveled, convex, effuse, figt, papillate, pulvin-
ate, raised, rugose, umbonate.

Topography: contoured, rough, sggoth, striated, wrinkled.
Habit: compact, spreading.

Microscopic (100x)

Margin: Ciliate, cleft, crenate, entire, erose, granular,
lobed, rhizoid, undulate.

Internal structure: amorphous, dense, filamentous, granu-
lar (fine, coarse), 1'n7,erl'ﬁcea, striated. ’

Optical properties

Appearance by reflected light: dull, fluorescent, glisten-
ing, iridescent, opalescent. '

Appearance by transmitted light: opaque, translucent,
transparent. B
Medium: blackened, blued, browned, grayed, greened,

yellowed, unchanged.

Chromogenesis:

(medium ) (color) (CHM No.)
Trypticase soy agar Cinnamon qle
Potato slant

NUTRIENT BROTH: age

Amount of growth: abundant, moderate, scant.

Surface growth: none, flocculent, membranous, pellicle, ring.
Subsurface growth: none, granular, turbid.

Sediment: none, compact, flaky, flocculent, granular, viscid.

Odor: resembling

GELATIN STAB: age 73 da,

Liquefaction: newe, crateriform, infundibuliform, napiform,

saccate, stTaryorm.

Rate: fast, moderate, slow.

OTHER GROWTH CHARACTERISTICS:
Soybean infusion agar:NO growth.

Fat agar: No growth,
Glucose-nitrate agar: No grewth, 12 da,

—Anaerobic ritrate broth: no gas. 12 da. negative.

DNA

G:

Slight growth on nutrient agars no growth Reduction: positive, nggative.

on glucose-nutrient agar,

C

G+C moles %

III. PHYSIOLOGICAL CHARACTERISTICS

RELATIONSHIP TO O.: gerobic, anaerobic, facultative, micro-
aerophilic.

CATALASE: positive, negative.

TEMPERATURE RELATIONSHIPS: age 17 da,
Growth at 10°C._t  20°C. _+  sgrc._*, gor_t
45°C_+, 55°C._=. °C._=_, 50°C.,_-_.,

SOLE CARBON SOURCE: age
Glucose: positive, negative.
Sucrose: positive, negative.
Xylose: positive, negative.
Citrate: positive, negative.
NH,* AS SOLE NITROGEN SOURCE: positive,
negative,

d

REDUCTIONS:
Nitrate: NO,~_*_, NH/" , £as. negative.
Methylene blue: positive, negative.
Selenite: positive, negative.

FoE gl

b

Tellurite: positive, negative.

OXIDATIVE-FERMENTATIVE REACTIONS
Glucose: acid—, alkaline, neutrgl, gas. , 0&C
Sucrose: acid__, alkaline__, neutral, gas.
Lactose: acid__, alkaline_._, neutral, gas.
Xylose: acid__, alkaline—_, neutral, gas.
Mannitol: acid__, alkaline, neutral, gas.

T

HYDROLYSIS:
Gelatin: positive, negative. 81ight.

Casein: positive, negative.

Fat: positive, negative.

Starch: positive, negative.

Cellulose: positive, negative.

Urea: positive, negative. (1o growth)

TOLERANCES:
Salt: 2%—positive, negative.
T%—positive, negative.

P oEFIEF

Bl

—t

10%—positive, negative.
pH: acid ________, alkaline.

LITMUS MILK REACTIONS:
Reaction: acid, alkaline, ngutral.
Curd: acid, alkaline, ghsent, gas.
Peptlonization: positive; negative.

.

P |

OTHER REACTIONS:
H.S from : positive,

NH,* from peptone: positive, negative.
Acetylmethylcarbinol: positive, negative.
Indol: positive, negative.

Methyl red: positive, negative.

B
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PHOTOMICROGRAPHS OF NON-VIABLE ISOLANTS

Nigrosin stains of original cultures.

.\u“zmm, 5
-

=

2h5ha (#24)

&

2lt5Be (#24)

S

|

POREYS

y
&
~r
L
3
[



62

i

|
¢

246b (#25)
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